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Abstract 
Background: Dietary fat is an essential macronutrient to support rapid growth and development 
during adolescence, in addition to maintaining numerous metabolic and physiological roles. 
However, adolescents are vulnerable to the development of poor dietary habits, typified by higher 
than recommended intakes of total and saturated fat, which may put them at increased risk of 
developing chronic diseases later in life. Up to date figures are unavailable due to it being a decade 
since any national nutrition data was collected among this population.  
Objective: To investigate dietary fat intake and contributing food sources of fat among male and 
female adolescents 15-18 years in New Zealand, comparing intakes between the sexes and against 
current recommendations to highlight any changes over the past decade and identify areas of 
concern. 
Design: The SuNDiAL (Survey of Nutrition Dietary Assessment and Lifestyle) study is a cross-
sectional, multi-centre survey of 266 adolescent females and 135 males 15-18 years of age in New 
Zealand. Female participants in the study were enrolled between February and September 2019 
while males were enrolled between February and April 2020. Self-administered questionnaires 
were used for the collection of demographic information as well as health and vegetarian status. 
Two non-consecutive 24-hour recalls were used to assess dietary intake and the Multiple Source 
Method (MSM) was used to adjust for usual intake. Dietary intake data was collated and analysed 
using the FoodWorks nutrient database. Anthropometric measures (weight and height) were taken 
during on-site visits to participating schools. 
Results: Estimated mean intakes of total fat as a percentage of total energy in this study exceeded 
recommendations for both sexes (males: 37.5% (36.5-38.4); females: 36.5% (35.8-37.2)). Saturated 
Fatty Acid (SFA) intakes were also higher than recommended, with approximately 90% of the 
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population not meeting the current Acceptable Macronutrient Distribution Range (AMDR). 
Although improvement for polyunsaturated fat (PUFA) intakes were seen when compared to the 
Adult Nutrition Survey 2008/09 (ANS 08/09), intakes remain low (males: 5.6% (5.2-6.0); females: 
5.5% (5.3-5.7). The major food groups of saturated fat for males included poultry, milk and cheese 
while for females they were cheese, bread-based dishes and biscuits. Primary food sources of 
polyunsaturated fat were poultry, nuts/seeds and grains/pasta for males, and nuts/seeds, bread and 
potatoes/kumara/taro for females.  
Conclusion: While some positive differences were observed in fat intakes among New Zealand 
adolescents since the last national survey, overall levels are suboptimal and could be improved by 
reducing saturated fat and increasing polyunsaturated fat intake. Further research is required to 
evaluate fat intakes within a nationally representative sample and determine if trends seen in this 
study are characteristic of intakes across the whole population.  
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1. Introduction 
It is widely accepted that diet is an important modifiable risk factor for challenging the progression 
of chronic diseases such as cardiovascular disease (CVD), type two diabetes mellitus (T2DM) and 
obesity in adults (1-3), however less is known about the health consequences of diet during 
adolescence. Poor dietary habits associated with increased disease risk in adults are also being seen 
in adolescents (4, 5), suggesting that these habits form future eating patterns, and that interventions 
aimed at this population may enact change. 
Adolescent intake of dietary fat and its origins in our food are of interest because of the associated 
cardiometabolic disease risk (1), and indications that a better quality diet leads to better health 
outcomes (6, 7). Dietary assessment tools, while not without limitations (8), allow for the collection 
of dietary intake data, meaning adequacy and quality of fat consumption can be evaluated, and up 
to date information to improve the diets of adolescents can be collected. 
It has been a decade since a nation-wide review of dietary intake in adolescents was conducted in 
New Zealand. The 2008/09 Adult Nutrition Survey (ANS 08/09), revealed that mean saturated fat 
(SFA) intakes among female and male adolescents aged 15-18 years were 3.8-4.3 percentage points 
above recommendations, respectively (9). However, mean polyunsaturated fat (PUFA) intakes were 
1.5 percentage points below recommended levels for both sexes (9). This is concerning given the 
cardioprotective nature of PUFAs and negative effect of SFAs in raising low density lipoprotein-
cholesterol (LDL-C) levels (10, 11), and therefore CVD risk. Nutrition surveys conducted globally 
show similar trends (12-16), with the exception of some Asian populations whose intakes of total 
and saturated fat are lower and fall within recommended amounts (17, 18). However, various 
methods for gathering and assessing data, coupled with the variability in the composition of 
modern foods, makes it difficult to draw comparisons (8). 
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Adolescence is recognised as an important period of growth and development, and as such 
nutritional needs are increased (19). Fat plays an important role in physiological and structural 
processes of the body (20), meaning imbalanced intake will likely have a negative effect on 
essential functions. Nutrition-related disease risk factors such as obesity and raised LDL-C are now 
seen in adolescence and are negatively impacting disease and disability-adjusted life years 
(DALYs) in adulthood (21). Thus, dietary fat, and more specifically the right type of fat, need to be 
included in a healthy diet for adolescents. Collectively, this emphasises the importance of having 
up to date data on different population groups, including adolescents, to accurately inform policy 
makers in the health education area. 
The aim of the present study is to investigate dietary fat intake and associated food sources among 
adolescents aged 15-18 years in New Zealand. Current intakes will be compared with dietary 
recommendations, and trends in consumption by gender and ethnicity examined to identify changes 
which may have occurred in the past decade and highlight areas of concern.  
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2. Literature Review 
2.1 Literature Search Methods 
Literature searches were conducted from September 2019 to March 2020 using Ovid, Scopus, 
Pubmed, and Google Scholar databases. Key words used for the searches included fat, saturated fat 
(SFA), monounsaturated fat (MUFA), polyunsaturated fat (PUFA), trans fat (TFA), energy intake, 
nutrition surveys, adolescents, teen, cardiovascular disease, Type Two Diabetes Mellitus (T2DM), 
obesity and food sources. The literature included dietary fat intake, associated food sources, 
obesity, T2DM and cardiovascular disease (CVD) both globally and in New Zealand among the 
adolescent population. In addition, reference lists from the articles were used as additional sources 
of research. 
2.2 Background 
This thesis focuses on fat intake in adolescents as one component of the larger SuNDiAL (Survey 
of Nutrition Dietary Assessment and Lifestyle) study, which is investigating dietary intake, 
physical activity and behavioural patterns in New Zealand adolescents. It has been ten years since 
any robust dietary data was collected on adolescent nutrient intake in New Zealand. The holistic 
approach of the SuNDiAL study is important because looking at fat intake alone will not provide a 
well-rounded picture of the current situation. This review aims to appraise current literature 
regarding fat intakes and food sources of fat among adolescent males and females. The data 
collected will be used to describe the nutrition and health status of New Zealand teenagers and 
highlight areas regarding fat intake and the associated food sources that are concerning. 
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2.3 Types of dietary fat 
Dietary fat refers to the nutrient group known as lipids. Within this group are glycerides, fatty 
acids, phospholipids and sterols. The most abundant form of fat in both our food and body are 
triglycerides (22).  
2.3.1 Fatty acids  
Fatty acids all contain a carbon-hydrogen chain with a methyl group (CH3) at one end and an acid 
group (COOH) at the other (22). They differ by chain length, position and number of double bonds. 
Most naturally occurring fatty acids contain an even number of carbons. There can be up to 24 
carbons in one chain and 18 carbon chains are the most abundant in the food supply. Long chain 
fatty acids contain 12-24 carbons and are commonly found in meat, fish and vegetable oils. 
Medium chain (6-10 carbon) and short chain (2-6 carbon) fatty acids are primarily found in dairy 
products (22). Saturated fatty acids are full to capacity with hydrogen atoms and therefore contain 
only single bonds (20). Food items which contain predominantly saturated fat are solid at room 
temperature (e.g. cheese, butter) (22).  
An unsaturated fatty acid has at least two hydrogen atoms missing and a double bond in place of 
this, which is the point of unsaturation (20). MUFA have one double bond, whereas PUFA have 
more than one. Both of these fat types are liquid at room temperature (22). Unsaturated fatty acids 
are also identified by an omega number (20). This represents the position of the double bond 
nearest the methyl end. The position of the double bond dictates the nutritional characteristics of 
the fatty acid and thus, how it will impact health (20). For instance, omega 6 PUFAs, when 
consumed in moderation, lower LDL-C, while omega 3 PUFAs can reduce triglyceride 
concentrations (20). Linoleic acid (an omega 6) and linolenic acid (an omega 3) cannot be 
synthesised in the body and are therefore required to be supplied via the diet (20).  
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A triacylglycerol is made up of three fatty acids attached to a glycerol (a three-carbon alcohol) 
backbone and contribute about 95% of dietary lipids (20, 22). Structurally they consist of an even 
numbered carbon chain with attached hydrogen atoms, a carboxylic group at one end and a methyl 
group at the other (22). The fatty acids can be a mixture of saturated, monounsaturated and 
polyunsaturated fatty acids. 
Trans-fatty acids (TFA) can be man-made or ruminant-based and have a different configuration to 
most other fats, where the hydrogen atoms next to the double bond are on opposing sides (22). 
Manufacturers apply this partial hydrogenation process to an unsaturated fat to alter the texture and 
improve the shelf life of food products (22). In the body they behave similarly to saturated fat by 
increasing total and LDL-C, but also have the additional detrimental effect of reducing high density 
lipoprotein cholesterol (HDL-C) (20). 
2.3.2 Phospholipids 
Phospholipids have a glycerol backbone with two fatty acids attached. The third position on the 
glycerol molecule is occupied by a phosphate group which has one of four different base groups 
attached (choline, inositol, serine, or ethanolamine) (20). The hydrophilic phosphate group and the 
hydrophobic nature of the fatty acids make them amphipathic, allowing them to dissolve in water 
and be soluble in fat respectively. This means they act as emulsifiers between lipid and aqueous 
surfaces (22). Phospholipids are found in almost all plant and animal foods but are richest in liver, 
eggs, wheat germ peanuts and soybeans (22). 
2.3.3 Sterols 
Sterols have a unique four ring structure with varying side chains (20). The most widely recognised 
sterol is cholesterol, which is the starting component for the synthesis of many compounds 
including Vitamin D, bile acids and sex hormones (testosterone, oestrogen) (22). The most 
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abundant food sources of cholesterol include meat, eggs, poultry and dairy products (20). Sterols 
derived from plants are similar in structure to cholesterol and therefore interfere with its absorption, 
decreasing cholesterol in the blood (22). 
2.4 The importance of fat 
Fat has important roles, not only for providing the body with a dense energy source but also 
because of its numerous physiological and structural functions (20). Fat is integral to the process 
which allows the body to absorb hormones and fat-soluble vitamins, and the amphipathic nature of 
fat helps maintain cell integrity within the phospholipid bilayer (20). However, while fat is essential 
for our bodies, excess intake or an imbalance in the type of fat consumed, can have adverse health 
consequences (23, 24). Recent articles question some of the long-standing evidence regarding the 
association between fat intake and disease risk (25-28). Siri-Tarino et al found no association 
between SFA intake and coronary heart disease (CHD) risk (25), and findings from a large cohort 
study conducted by Dehghan et al showed no significant association between total and SFA intakes 
and myocardial infarction (MI) risk or cardiovascular disease (CVD) mortality (29), although the 
epidemiological nature of this study does not equate to causation. However, it appears there is a 
beneficial effect on CHD risk when dietary SFA is replaced with the equivalent PUFA because of 
the reduction of serum total cholesterol (For every 1% SFA replaced with equivalent PUFA, serum 
cholesterol decreases by 0.064 mmol/L (95% CI: -0.070, -0.058) (10). The same benefits are not 
seen when refined carbohydrate (CHO) replaces SFA (10). Together, these results suggest that 
rather than total fat, it is the composition of fat in the diet that results in benefits to health. Evidence 
regarding trans fatty acids (TFA) is more congruent with literature indicating TFA consumption is 
not safe at any level due to negatively impacting CVD risk factors including increasing LDL-C and 
triglyceride levels and lowering high-density lipoprotein cholesterol (HDL-C) (30-32). 
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2.5 Potential health implications for adolescents 
2.5.1 Cardiovascular health 
Cardiovascular death accounts for almost one third of all deaths in New Zealand (33). A high 
intake of SFA has been negatively associated with an increased LDL-C, which in turn increases 
CVD risk (2). Conversely, higher PUFA intakes (5% of total energy which replaces saturated fat) 
give rise to reduced LDL-C and thus lower CVD risk (hazard ratio: 0.87; 95%CI: 0.77 to 0.97) 
(24). Furthermore, higher HDL-C concentrations have a beneficial effect on CVD risk, and are 
lowered when TFA intakes are high (31, 34). Reductions in CHD risk, albeit less pronounced, are 
also seen when 5% of total energy from SFA is replaced by MUFA or wholegrains (35). These 
same results are not seen when the replacement macronutrient is refined CHO (hazard ratio: 1.07; 
95% CI: 1.01 to 1.14) (35). This is concerning when mean SFA and PUFA intakes, as a percentage 
of total energy, in New Zealand adolescents are outside recommended values (see section 2.8). 
2.5.2 Obesity 
The prevalence of obesity has substantially increased among adolescents worldwide over the past 
30 years (8.1%-12.9% boys, 8.4%-13.4% girls) (36). In New Zealand, the equivalent of 126,000 
young adults (15-24 years) had a BMI of 30 kg/m2 or greater in 2018/19 (37). Whilst in some 
countries obesity rates among children appear to be levelling off, they remain high (38). Obesity is 
associated with many chronic diseases; (39-41) however, it remains unclear which specific dietary 
factors contribute to obesity and if fat intake, in isolation, can be considered one of these factors 
(42-44). Certainly, the high energy density of fat makes it likely that weight will be gained with 
overconsumption (45). In a Cochrane review of randomised controlled trials (RCT) or cohorts, 
Hooper et al. demonstrated that a reduction in total fat as a percentage of energy can result in 
weight loss, and this was particularly evident when the reduction was greater than 5% of total 
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energy (43). However, a reduction in consumption of other macronutrients has also resulted in 
weight loss according to a literature review examining weight loss interventions by Schoeller et al 
(46), indicating an overall calorie deficit may be more pertinent to reducing obesity statistics than 
targeting a certain macronutrient.  
2.5.3 Type Two Diabetes Mellitus 
Evidence regarding obesity, particularly abdominal adiposity, and the development of T2DM in 
adults is strong (47), and children and adolescents who are overweight are not immune to this risk 
(48). Park et al. showed childhood obesity has a positive association with the development of 
T2DM in adulthood (48). Conversely, it has been demonstrated that childhood BMI status, unless 
persistent over several years, is less relevant to healthy weight adults (49, 50). When considering 
dietary fat intake, Riccardi et al showed that through studying the composition of cell membranes, 
insulin sensitivity worsens with greater intakes of SFA (51). Whereas PUFA and MUFA have the 
opposite effect (52), indicating that diet can play a role in mitigating the development of T2DM. 
2.6 Importance of adolescence 
The prevalence of overweight, obesity and nutrition-related burden once only seen in adults, are 
now commonly seen in adolescence (36). This is a period of rapid growth and development (53), 
and as such should be supported with a nutritious diet. There is concern that adolescents make poor 
diet choices, and that overall diet quality is deteriorating when compared to other age groups (54, 
55). More autonomy over food choice is gained during adolescence (56), so it is important that this 
population group have an understanding that diet quality is as important as quantity.  
Longitudinal studies have monitored dietary intake over the transition period from adolescence to 
adulthood however, the evidence is not always congruous (4, 57-59). For example, some authors 
believe eating habits acquired during adolescence last a lifetime whether they are healthy or not (4, 
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57). Conversely, other studies have found dietary intake during adolescence changes considerably 
by adulthood, and is therefore a weak predictor of consumption post adolescence (58, 60-62). 
Interestingly, when parents had an influence over dietary intake, little difference between genders 
was observed and diets were likely to be more nutritious (57). Nevertheless, it is important to 
understand the dietary habits formed during adolescence in an effort to promote health across the 
ages. 
2.7 Assessing dietary fat intake 
2.7.1 Dietary intake assessment methods 
There are generally four dietary intake assessment tools; 24-hour diet recalls, diet records, food 
frequency questionnaires (FFQ) and diet histories which collect dietary intake information from 
which estimates are produced. Dietary fat intake can be recorded using any of these methods, 
however, 24-hour diet recalls are most often used for population surveys because they can be less 
expensive, less onerous than a food record and applied to groups with diverse eating habits (8, 63). 
All of these intake assessment tools come with their own limitations, most notably under-reporting, 
as there is reliance on honesty of the participant and accuracy of nutrient intake (64). Diet records 
are expensive and burdensome, however, they provide a relatively accurate estimate due to detailed 
food descriptors being recorded in real time (65). This, in turn, minimises reliance on participant’s 
memory. Conversely, the FFQ, which uses a predefined list of foods to capture usual dietary intake 
long term, has a low respondent burden and is relatively inexpensive (63). 24-hour diet recalls are 
interviews conducted by trained individuals who gather the respondent’s food and beverage 
consumption from the preceding 24 hours so allow for the provision of detailed information. A 
single 24-hour recall assesses an individual’s actual intake whereas multiple, non-consecutive 
recalls are required to predict usual intake (64, 66). It is best practice to take two 24-hour recalls 
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and use a method such as the Multiple Source Method (MSM) (described in 4.6) to adjust for the 
effects of intra-individual variation and estimate usual intake (67). Standardised methods to collect 
information are important to attenuate inaccuracies, and the 24-hour diet recall method takes 
advantage of this through the use of trained researchers. However, international surveys have used 
different dietary assessment methods, which makes it difficult to compare (12, 13, 68).  
2.8 Dietary fat intake in New Zealand adolescents 
2.8.1 Recommended dietary fat intake for adolescents 
Individual countries have their own set of nutrient standards to measure energy and nutrient 
adequacy of a population. These are guided by the World Health Organisation (WHO) 
recommendations to minimise risk of deficiencies and nutrition related disease (30). The WHO 
recommendation of 20-35%TE for total fat (30), allows for the absorption of fat-soluble vitamins 
and ensures that energy needs and essential fatty acid requirements are not compromised (30). 
Exceeding this recommendation is pertinent to weight gain, and while agreement among experts 
was not reached, a positive energy balance can make it difficult to maintain a healthy weight (3) 
and therefore, a maximum amount of between 30-35%TE was deemed appropriate (30).  
 The current Nutrient Reference Values (NRVs) for New Zealand were established in 2006 by the 
New Zealand Ministry of Health (MOH) in conjunction with the Australian National Health and 
Medical Research Council (NHMRC) (Table 2. 1) (69). To minimise disease risk whilst allowing 
for maintenance of sufficient energy, macronutrient recommendations are given as an Acceptable 
Macronutrient Distribution Range (AMDR) with a percentage contribution towards total energy 
(%TE) (69). Due to insufficient data on dose-response, an adequate intake (AI) in g/day has been 
established for n-3 and n-6 PUFA instead of an AMDR (69). There are no recommendations for 
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MUFA in New Zealand, however, the WHO determines the value by way of calculating a 
difference (subtracting the recommendations for SFA, PUFA and TFA away from total fat) (30). 
 
Table 2. 1 Dietary fat recommendations for New Zealand adolescents (14-18 years)  
Fat Type Recommended Amount Recommended Amount  
(WHO)2  (NZ MOH)1  
Total fat 20-35%TE 20-35%TE 
SFA + TFA <10%TE <10%TE 
PUFA  6-11%TE 
LA (n-6) 8 g/day  
ALA (n-3) 0.8 g/day  
MUFA not set Difference3 
Abbreviations: NZ MOH, New Zealand Ministry of Health; WHO, World Health Organisation; %TE, percentage of total energy; SFA, saturated fatty 
acid; TFA, trans fatty acid; PUFA, polyunsaturated fatty acid; LA (n-6), linoleic acid (omega-6); ALA (n-3), alpha linolenic acid (omega-3); MUFA, 
monounsaturated fatty acid. 
1 Adapted from the nutrient reference values for Australia and New Zealand (69). 
2 Nutrient values are adapted from the joint WHO/FAO report 2010 (30). 
3 Difference is determined by subtracting SFA, PUFA and TFA away from total fat (30).  
 
Table 2. 2 summarises dietary fat intake by type among New Zealand adolescent males and 
females across different ethnicities. Data is from the ANS 08/09 (9), which included a 24-hour 
recall using the Multiple Pass Method (MPM) to obtain dietary intake data. To enhance accuracy of 
recalls and provide an estimate of within-person nutrient intake variation, a further random sample 
of participants (25%) completed an additional 24-hour recall within one month of the first interview 
(68). This data was then used to adjust nutrient intakes from the first 24-hour recall and provide an 
estimate of usual intake for the population (68). 
The mean intake of total fat in 2008/09 was within the AMDR for New Zealand adolescents with 
the exception of Māori females (35.7 %TE (95%CI: 33.0-38.5)) and some Pacific males (35.0 %TE 
(95%CI: 30.9-39.1)), whose intakes were in excess of recommendations (9). However, dietary fat 
intake was not in accordance with current dietary guidelines for all fat types. It is advisable to limit 
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SFA intake to <10%TE (30), however, in the ANS 08/09 mean reported intakes of SFA exceeded 
recommendations by both sexes across all ethnicities. Notably, intake by adolescent Māori females 
was 40% above the current dietary guidelines for saturated fat (9). This is concerning given that 
risk factors associated with the development of atherogenesis starts as early as childhood (70), and 
minority groups are overrepresented for risk of CVD (71). Furthermore, other diet related diseases 
such as obesity and hyperinsulinemia, now increasingly apparent in children, are accelerating the 
atherosclerotic process (72).  
Mean intake of PUFA in the ANS 08/09 was <5% of total energy intake, irrespective of gender or 
ethnicity, which is lower than the WHO recommendation of 6-11%TE (30). As previously 
mentioned, PUFA, when substituted for SFA in the diet, is associated with reduced total and LDL 
cholesterol levels (2), therefore, investigating how dietary intake of PUFA could be improved in 
this population would likely be beneficial. 
2.8.2 Factors influencing diet quality 
Factors including socioeconomic status, ethnic diversity, urbanisation and advances in technology 
all contribute to diet quality (73), so it is important that dietary guidelines reflect current eating 
patterns which are relevant to New Zealand. When comparing two New Zealand nutrition surveys, 
conducted in 1997 and 2008/09, it appears that consumption of traditional foods such as bread and 
potatoes, are declining in favour of rice dishes (73). This is representative of New Zealand’s 
continuing ethnic diversity, however, diet quality also appears to parallel socioeconomic status, 
with diet quality decreasing with increasing deprivation (74), which seems more prevalent in 
minority groups (75).  
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Table 2. 2 Fat intake among New Zealand adolescents: data from the 2008/09 Adult Nutrition 
Survey1  
 Total Fat (%TE) SFA (%TE)  MUFA %TE PUFA (%TE) 
NZ AMDR2 20-35%  10% - - 
WHO 
Recommendations3 
20-35% < 10% Difference4 6-11% 
Girls (15-18 y)     
Total Population [Mean 
(95% CI)] 5 
33.6 (32.5-34.6) 13.8 (13.2-14.3) 11.9 (11.4-12.4) 4.5 (4.2-4.7) 
NZEO 33.8 (32.6-34.9) 13.9 (13.2-14.5) 11.9 (11.4-12.4)  4.6 (4.3-4.8) 
Māori 35.7 (33.0-38.5) 14.8 (13.4-16.2) 12.9 (11.7-14.0) 4.4 (4.0-4.9) 
Pacific 32.6 (29.6-35.7) 13.3 (11.8-14.8) 11.9 (10.5-13.3) 4.0 (3.6-4.5) 
Boys (15-18 y)     
Total population 34.9 (33.6-36.1) 14.3 (13.6-14.9) 12.7 (12.2-13.2) 4.5 (4.3-4.7) 
NZEO 34.7 (33.3-36.1) 14.3 (13.5-15.1) 12.6 (12.0-13.1) 4.5 (4.3-4.7) 
Māori 34.7 (32.2-37.2) 13.9 (12.7-15.0) 12.7 (11.5-13.9) 4.6 (4.2-5.0) 
Pacific 35.0 (30.9-39.1) 13.9 (12.3-15.5) 13.4 (11.5-15.3) 4.4 (3.9-5.0) 
Abbreviations: %TE, percentage of total energy; NZ AMDR, New Zealand Acceptable Macronutrient Distribution Range, WHO, World Health 
Organisation; y, years; 95% CI, 95% confidence interval; NZEO, New Zealand European/Other. 
1 Adapted from the 2008/09 Adult Nutrition Survey findings (9). 
2 AMDR values are generated from the National Health and Medical Research Council and MOH recommendations (69). 
3 Nutrient values are adapted from the joint WHO/FAO report 2010 (30). 
4 Difference is determined by subtracting SFA, PUFA and TFA away from total fat (30).  
5 Data are presented as a percentage unless otherwise indicated. 
 
2.9 Global dietary fat intake status among adolescents 
Table 2. 3 summarises dietary fat intake expressed as a percentage contribution to total energy 
from various countries. Total fat intake estimates in New Zealand adolescents are similar to those 
reported in Germany, Europe and the United Kingdom (UK) (76-78), however, it is difficult to 
draw comparisons due to different dietary assessment methods being used between countries. 
When comparing the current literature to the WHO recommendations for fat intake, which were 
established as a measure to prevent chronic disease (30), total fat intake in Korea, China and 
Australia were within recommendations (12, 17, 18). In addition, excessive SFA intakes seen 
   14 
among New Zealand adolescents are not unique either, with Australia, Ireland and European 
countries reporting similarly high levels of intake (12, 16, 79). A review of adolescents from the 
RAINE study in Australia found that 90% of adolescents exceeded the guideline for SFA intake of 
10%, with a mean of 13.5% of total energy (12). There was also very little difference in mean 
SFA intake as a total percentage of energy evident between the sexes (males 13.6%  2.8, females 
13.5%  2.8) (12). Although age groupings were inconsistent across European countries, SFA 
intakes were found to be poor overall when compared against WHO recommendations (79). In 
Germany, over an 18-year period, MUFA intake decreased (males; 41–39 g p=0.009, females; 32-
27g p=0.001) and there was no significant change to SFA intake, but this remains unfavourable 
(78). The amount of dietary fat consumed by Belgian adolescent males and females is similar, 
however, both genders exceed recommendations for total and saturated fat (total fat: males 36.5%, 
females 35.7% and SFA: males 14.7%, females 14.3%) (13). Mean intakes of MUFA and PUFA 
were within Belgium dietary guidelines and just slightly outside of WHO recommendations 
(MUFA: males 13.6%, females 13.1% and PUFA: males 5.6%, females 5.5%) (13). In the United 
Kingdom, significant decreases in SFA intake were reported for both adolescent boys and girls 
between 1997 and 2008/09 (males: 13.8% to 12.6%; p<0.0001, females: 13.8% to 13.3%; p<0.001) 
(80). Nevertheless, these intakes are still in excess of amounts recommended by the WHO (30). In 
Korea, dietary fat intake among adolescents has been gradually increasing, however levels are still 
favourable when compared to western countries (17). Despite almost half of Korean adolescents 
(15-18 years) consuming total fat and SFA in excess of dietary recommendations specific to Korea 
(17), the AMDR for both of these is lower than that recommended by the WHO (30) suggesting the 
risks associated with chronic disease from excessive SFA intake, are likely to be lower than 
western nations. Furthermore, the proportion of adolescents in western countries who consume 
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SFA in excess of recommendations is higher than their Asian counterparts even though the AMDR 
is more generous (17, 18). In the United States of America (USA), where SFA fat intakes have 
traditionally been high (15), levels appear to be reducing with adolescent males consuming 11.7% 
and females 11.3% of total energy. Furthermore, PUFA intakes among the adolescent population 
are within the recommended 6-11%TE and further investigation into the reason behind this could 
be beneficial, particularly when other nations are not seeing these levels (12, 77).
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    M F M F M F M F 
NZ (9)  15-18 24-hour recall (25% repeat) 34.9 33.6 14.3 13.8 12.7 11.9 4.5 4.3 
Australia (12) 14-18 3-day food record 31.7 32.3 13.6 13.5 10.5 10.7 4.0 4.3 
Australia (81) 14-18 24-hour recall 31.2 32.4 12.8 12.9 11.7 12.2 4.2 4.7 
Belgium (13) 13-18 7-day estimated food record 36.5 35.7 14.7 14.3 13.6 13.1 5.6 5.5 
Germany1 (78) 13-18 3-day food record 33.9 33.9 14.2 14.2 13.6 13.6 5.3 5.3 
Greece (14) 16-19 3-day food record 39.8 40.7 13.4 14.2 16.7 16.5 5.4 5.4 
India (82) 13-18 24-hour recall and FFQ 32.4 35.6 11.6 10.7 9.3 10.1 7.9 10.2 
Korea (17) 12-18 24-hour recall 25.6 24.8 8.6 8.3 8.6 8.2 5.4 5.4 
Ireland (16) 15-17 7-day food diary 35.3 35.7 14.4 14.0 12.6 12.8 5.6 6.0 
Europe (77) 12.5-17.5 24-hour recall 33.1 33.7 13.8 13.9 12.2 12.4 4.4 4.8 
Canada (83) 9-18 24-hour recall 31.5 30.8 10.7 10.3 12.5 12.1 5.2 5.4 
USA (15) 12-19 Two 24-hour diet records 35.0 35.0 11.7 11.3 12.9 12.5 7.0 8.0 
UK (76) 11-18 4-day estimated food diary 33.7 33.7 12.5 12.2 - - - - 
Abbreviations: %TE, percentage of total energy; M, male; F, female; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; NZ, New Zealand; USA, United 
States of America; UK, United Kingdom; FFQ, food frequency questionnaire 
1 Genders were not separated so intake is reported as a total amount for the entire sample.
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2.10 Food sources of dietary fat among New Zealand adolescents 
Error! Reference source not found. summarises the top ten food sources of fat among New Zealand 
adolescents using data from the 08/09 ANS. At the time of the last nutrition survey there was not a 
lot of variation in food sources of fat between adolescent males and females in New Zealand (9). 
Bread-based dishes, potatoes, kumara and taro provided the largest contribution to both total fat and 
saturated fat among male and female adolescents (see Table 2. 4 for foods listed in these groups). 
While cakes, muffins and dairy contributed more total and saturated fat to the diets of New Zealand 
adolescent girls compared to boys (9). These sources differ to those of the older population (>51 
years) whose main food sources of total fat and SFA were butter and margarine (9). This difference 
is likely due to generational separation. According to Smith et al who compared the 1997 survey 
with the more recent 2008-09 data, despite an overall decline in traditional New Zealand foods such 
as bread, beef and potatoes, the older generation were still more likely to consume these food items 
going forward (73). Butter and margarine did feature as a source of PUFA for adolescent males and 
females, however, not to the same levels as that of adult New Zealanders (9). Other contributions to 
PUFA were bread-based dishes, potatoes, kumara and taro with little difference in the amount 
contributed between males (12.5%TE; 95%CI 9.9-15.1) and females (12.3%TE; 95%CI 9.5-15) 
(9). Major sources of MUFA again came from bread-based dishes, potatoes, kumara and taro for 
both sexes however, beef, veal and fish contributed slightly more MUFA to the diet of adolescent 
boys when compared to girls (beef and veal: males, 6.0%TE and females 4.3%TE), (fish: 
males2.3%TE and females 1.7%TE) (9). 
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Table 2. 4 Food group classifications of major fat contributing sources included in the New 
Zealand Adult Nutrition Survey 2008/091 
Food Group Example foods included in each food group 
Bread-based dishes Sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, doner kebabs, 
wontons, spring rolls, stuffing 
Potatoes, kumara and 
taro 
Mashed, boiled, baked potatoes and kumara, hot chips, crisps, hash browns, 
wedges, potato dishes (stuffed, scalloped potatoes), taro roots and stalks 
Poultry All chicken, duck, turkey, muttonbird, muscle meats and processed meat, stews 
and stir-fries 
Grains and pasta Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran, cereal-based 
products and dishes (pasta and sauce, lasagne, pasta salad, noodle soup, chow 
mein) 
Butter and margarine Butter, margarine, butter/margarine blends, reduced-fat spreads 
Pies and pasties All pies including potato top, pasties, savouries, sausage rolls, quiche with pastry 
Milk All milk (cow, soy, rice, goat and flavoured milk), milkshakes, milk powder 
Cakes and muffins All cakes and muffins, slices, scones, pancakes, doughnuts, pastry 
Sausages and 
processed meats 
Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf and patties 
Beef and veal All muscle meats (steak, mince, corned beef, roast, schnitzel, etc.), stews, stir-fries 
Bread All types of bread (rolls, pita, focaccia, garlic), bagels, crumpets, sweet buns 
Biscuits Sweet biscuits (plain, chocolate coated, fruit filled, cream filled), crackers 
Dairy products Cream, sour cream, yoghurt, dairy food, ice-cream, dairy-based dips 
Cheese Cheddar, edam, specialty (blue, brie, feta, etc.), ricotta, cream cheese, cottage 
cheese, processed cheese 
Fish and seafood All fish (fresh, frozen, smoked, canned, battered, fingers), shellfish, squid, crab, 
fish/seafood dishes (pies, casseroles and fritters), fish/seafood products 
Sugar and sweets Sugars, syrups, confectionary, chocolate, jam, honey, jelly, sweet toppings and 
icing, ice-blocks, artificial sweeteners 
Eggs and egg dishes Poached, boiled, scrambled and fried eggs, omelettes, self-crusting quiches, egg 
stir-fries 
1 1 Adapted from the New Zealand Adult Nutrition Survey 2008/09 Methodology Report (68) 
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Figure 2. 2 Bar graphs illustrating major food sources contributing to fat intake among adolescents 15-18 years of age in New Zealand by type and gender from the 
Annual National Nutrition Survey data 2008/09 (generated by the candidate) 
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2.11 Global food sources of dietary fat among adolescents 
It is difficult to compare intake of food sources globally due to different food group classifications, 
the use of various dietary assessment methods and cuisine being unique to each country. However, 
because of factors such as globalisation, and increased trade throughout the world, it is possible 
there are similarities. 
In Germany, over a 20 year period, intake of bread, pastries, meat and meat products have declined 
for both sexes (78). On the other hand, pasta, rice, vegetables, fruit and nut consumption all 
increased (78). Interestingly, despite Australia and New Zealand having similar foods, 
contributions to fat intake varied greatly. For example, the food source contributing the greatest 
percentage of energy to total fat and SFA in Australia was dairy products (20.9%TE and 31.5%TE 
respectively) (12). This was followed by red meat, potato chips and poultry, although a breakdown 
between sexes was unavailable (12). Fresh meat and meat products also contributed highly to SFA 
intake in Belgian and Irish adolescents (13, 16) although fats, oils and savoury sauces contributed 
the most to both sexes in Belgium (13). Similarly in Canada, meat (beef/pork/lamb) was among the 
top four contributors of SFA for youth, 1-18 years of age (84). Notably, sugars, confectionary and 
preserves contributed 10.1% to SFA intake in Irish teenagers (16) which has not been noted in 
other studies. In the USA the estimated mean intake of solid fats (e.g. meat, poultry, dairy), which 
are inherently high in SFA, have decreased by 15 g/day in this population since 2003 (65). This is 
thought to be due to the introduction of unhydrogenated oils in snacks, fried foods and margarine 
(65). However, despite this reduction, mean intakes of SFA still exceed the WHO 
recommendations (30). 
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2.12 Conclusion 
Despite adolescents having unique nutritional needs to support this period of rapid growth and 
development, there is inadequate New Zealand data assessing dietary fat intake and associated food 
sources in this population. Results from the ANS 08/09 suggest SFA intakes are too high and 
should be reduced in an effort to lower CVD risk. Furthermore, PUFA intakes are below 
recommendations suggesting any health benefits associated with higher intakes are unlikely to be 
seen (2). The current obesogenic environment encourages overconsumption of energy dense food 
(85), so it is not unexpected that levels of obesity remain high. This thesis aims to provide an up to 
date estimate of current dietary fat intake among New Zealand adolescents to better inform future 
health interventions and policy. 
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3. Objective Statement 
The aim of the SuNDiAL (Survey of Nutrition Dietary Assessment and Lifestyle) study was to 
evaluate the diet, health, attitudes and activity levels of adolescent males and females 15-18 years 
of age in New Zealand. The intention of this thesis was to gain insight into dietary fat intakes and 
food sources of adolescents in this study and compare intakes between genders with current 
recommendations. 
The objectives of this thesis were to, in adolescent males and females 15-18 years of age in New 
Zealand: 
1. Assess total intake of dietary fat of adolescents by gender and ethnicity. 
2. Identify the main food sources contributing to dietary fat intake among New Zealand 
adolescents. 
3. Evaluate intakes in relation to current dietary recommendations. 
4. Compare intakes and food sources with the ANS 08/09 and global studies to identify trends 
and/or changes with significance to health.  
  
   23 
4. Methods 
Prior to the commencement of each phase of the SuNDiAL (Survey of Nutrition Dietary 
Assessment and Lifestyle) study, Dr Jill Haszard and Dr Meredith Peddie (Department of Human 
Nutrition, University of Otago) designed a study protocol. The methods described below are 
adapted from these protocols and specifically relate to the current thesis. 
4.1 Study design 
The SuNDiAL study is a clustered, cross-sectional, multi-centre survey of adolescent females 
(phase one) and adolescent males (phase two) 15-18 years of age. Surveys were carried out in six 
secondary schools across six New Zealand cities for adolescent males (Dunedin, Wellington, 
Christchurch, Hawkes Bay, Tauranga and Auckland) between February and April 2020, and in 13 
secondary schools from eight cities (Wanaka, Dunedin, Christchurch, Nelson, Wellington, New 
Plymouth, Tauranga and Whangarei) for adolescent females at two separate times; from February 
to April 2019, and July to September 2019. Due to the outbreak of Covid 19, there was only one 
recruitment intake for the second phase of the study (adolescent males), however, the numbers 
recruited were deemed to provide sufficient statistical power. A further contrast between the two 
study phases is the comparison of dietary intake between adolescent females with vegetarian or 
non-vegetarian status. Due to inadequate numbers of vegetarian females being recruited in the 
initial intake of phase one of the study, a targeted recruitment for vegetarian females was conducted 
between July and September 2019 in Dunedin. However, it was not an aim of phase 2 of the study 
to investigate the vegetarian status of males, and therefore this information is not included. The 
current thesis uses data from participants enrolled in both phases of the study (n = 401; 266 
females, 135 males). This study has been approved by the Human Ethics Committee (Health): 
H19/004 and H20/004, University of Otago, Dunedin and is registered with the Australian New 
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Zealand Clinical Trials Registry: 2019; ACTRN12619000290190 and 2020; 
ACTRN12620000185965 Appendix B. Māori consultation was conducted through the Ngāi Tahu 
Research Consultation Committee Appendix C. 
4.2 Participant eligibility 
Eligible participants were: individuals who self-identified as male or female, between the ages of 
15-18 years, enrolled in one of the recruited secondary schools, able to speak and understand 
English, able to complete the required online questionnaires, and were not aware they were 
pregnant.  
4.3 Recruitment methods 
4.3.1 Recruitment of secondary schools 
Secondary schools were preferentially selected based on the location of data collectors (Master of 
Dietetics (MDiet) students) and having a total roll greater than 400 (co-educational) or 200 (single 
sex). A range of school deciles was desired in an effort to recruit a more representative sample, 
however, lower decile schools were preferentially selected in phase one recruitment of the females 
to ensure representation. An initial email invitation to participate was sent from Principal 
Investigators (PI) to schools in November 2018 for adolescent females and October 2019 for males. 
A follow-up phone call was made, and an email sent to any schools that had not responded within 
two weeks. Following this additional contact, if the desired number of schools from within each 
area were not recruited, further schools were recruited via word of mouth. The recruitment process 
was completed upon receipt of written consent for the desired school number. 
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4.3.2 School-based participant recruitment 
Participant recruitment (Figure 5. 1) was conducted on site by MDiet students and included a 
school-wide or year group presentation showing a recruitment video with a detailed explanation of 
the study. An example presentation can be seen in Appendix  A. Further electronic and/or print 
information was also distributed for use on individual school websites or distribution in school 
newsletters. Social media platforms e.g. Facebook and Instagram were also used to advertise the 
study. Upon conclusion of the presentation, information sheets were distributed and interested 
students were given the opportunity to provide personal contact details. Alternatively, students 
could obtain further information and provide their details on the study website 
(www.otago.ac.nz/sundial). Upon receipt of potential participant contact details, study ID codes 
were assigned and consent requests (Appendix  D) and a link to online screening questionnaires 
(Appendix  E) were distributed by email. Any potential participant aged under 16 years was 
required to provide online consent from a parent or guardian in the first instance. 
4.4 Questionnaires 
As part of an online survey administered via Research Electronic Data Capture (REDCap) (86), 
Vanderbilt University, Nashville, Tennessee, a secure web-based software platform for the 
management of online surveys and databases, study participants were required to complete three 
questionnaires: the Demographic and Health Questionnaire, the Dietary and Habits Questionnaire, 
and the Attitudes and Motivations for Food Choice Questionnaire. These questionnaires were used 
to collect and assess data regarding socio-demographic characteristics, household deprivation, 
health status and dietary habits. The online surveys took approximately 30 minutes to complete and 
were checked for understanding through trial runs by MDiet students prior to them being used in 
the study. 
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The Demographic and Health Questionnaire comprised questions relating to sociodemographic 
measures including age, household deprivation status and ethnicity which ultimately made up the 
participant characteristics (see Table 5. 1). When participants identified with two or more ethnic 
groups, ethnicity was prioritised from highest to lowest (Māori, Pacific, Asian, New Zealand 
European/Other) according to the protocols developed from the New Zealand census of population 
and dwellings (87). The New Zealand deprivation index 2018 (88), which classifies small areas (at 
least 100 people) into deciles based on eight variables (income, employment, communication 
transport, support, qualifications, own home, living space), was used to categorise participants into 
deprivation deciles using their home address. The health questions (Appendix  E) were adapted 
from questions in the New Zealand ANS 08/09 and allowed for baseline information to be 
gathered. Questions relating to blood pressure, diabetes, food allergies and bowel habits were 
included. The Dietary and Habits Questionnaire looked at how often participants consumed certain 
foods. Numerous questions related to fat containing foods, and those applicable to the present study 
can be found in Appendix  E. The Attitudes and Motivations for Food Choice Questionnaire did 
not specifically relate to dietary fat intake and is therefore outside the scope of this thesis. 
4.5 Anthropometric measurements 
Anthropometric measurements were conducted on all consenting participants by trained data 
collectors using calibrated equipment and following a standardised protocol (Appendix  G). 
Duplicate measurements were taken of both weight (to the nearest 0.1 kg) and height (to the nearest 
0.1 cm). Weight was measured using electronic scales (Medisana PS420; Salter 9037 BK3R; Seca 
Alpha 770; or Soehnle Style Sense Comfort 400) and participants were lightly clothed and not 
wearing shoes. Height was measured using calibrated stadiometers (Seca 213; and Wedderburn) 
with the head in the Frankfort Horizon Plane, feet flat, heels together and pointed outward at an 
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angle of 60 degrees. Participants did not wear shoes or hair ornaments. Third measurements for 
height and weight were taken when the difference between the first and second measures was 
greater than 0.5 units apart. Body Mass Index (BMI) was calculated by dividing the weight in 
kilograms by the height in metres squared using the mean of the closest two values for both height 
and weight. These were then adjusted for adolescent age and sex to generate BMI z-scores; 
comparative BMI measures specifically designed for children and adolescents by the WHO (89). A 
BMI z-score of ≥-2 to ≤+1 is defined as normal weight, >+1 as overweight, >+2 as obese and <-2 is 
considered underweight (89).  
4.6 Dietary data collection 
Trained researchers collected dietary intake data using two non-consecutive 24-hour recalls. The 
first diet recall interview was conducted in person, and participants were asked to recall all food 
and drink they had consumed from midnight to midnight in the previous 24-hour period. As 24-
hour recalls rely on participant’s memory, the multiple pass method (MPM), which assists 
participants with recalling dietary intake, was used to reduce estimation bias (90). The first step 
required the researcher to gather a quick list of all foods and beverages consumed. Probes were then 
given to elicit further details such as amounts, cooking methods and product brands. Secondly, 
participants were asked to provide quantity estimates with the aid of common household measures, 
photographs depicting varying portion sizes and food models. The third step involved a final 
review of all items consumed to check if anything was forgotten.  
The second diet recall was conducted via a video call rather than in person due to the country being 
under Covid 19 lockdown status, and data was collected on non-consecutive days to allow for day 
to day variation in dietary intake. All data collectors followed a standardised 24-hour protocol 
(Appendix  F). To further account for variation to ‘usual’ intake, 24-hour recall data was adjusted 
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using the Multiple Source Method (MSM) programme (67). The MSM programme is a web based 
statistical tool which applies statistical modelling to mitigate the effects of intra-individual (day-to-
day) variation on estimation of nutrient intakes (67). Daily intakes of individual nutrients are 
entered into MSM and a ‘usual intake’ is estimated for each participant. There was a response rate 
of 53% (males) and 79% (females) for the second 24-hour recall in the present study. 
4.7 Preparation of dietary data for analysis 
4.7.1 Dietary intake and nutrient analysis  
Each 24-hour recall record was entered into the FoodWorks9 database (Xyris Software Australia 
Pty Ltd, version 9) by data collectors (MDiet students), including the candidate, and research staff 
for energy, micronutrient and macronutrient analysis. FoodWorks9 uses food composition data 
relevant to New Zealand (91) (FOODfiles 2014 (females and males). The New Zealand Institute for 
Plant & Food Research Limited) including calculated foods from recipes out of the 2008/09 New 
Zealand Adult Nutrition Survey (ANS 08/09). A codebook was used for foods which were 
unidentified in the database and additional recipes were generated when no appropriate alternatives 
were unavailable. All entered data was checked by primary investigators for accuracy and 
consistency, and clarification was sought for any identified anomalies.  
An updated version of food groups and example food items from the ANS 08/09 (Table 2. 4, 
section 2.10) was used to categorise all foods upon completion of data entry. Following this, the 
proportion of fat intake (total fat, SFA, PUFA and MUFA) for each participant was calculated. 
Comparisons could then be drawn between the two surveys. 
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4.7.2 Quality assurance 
All data collectors completed intensive training to ensure the data collected was robust and of 
optimum quality. This included completion of a six-week research methods paper, and a two-week 
training course in data collection which covered obtaining informed consent, anthropometry, 
dietary data collection, and fitting accelerometers. Ongoing support and supervision was also 
provided throughout the data collection period. 
4.8 Statistical analysis 
4.8.1 Sample size and statistical power 
For phase one of the study, assuming a design effect (for school clusters) of 1.5, a sample size of 
300 would provide an 80% precision interval. For phase two, a sample size of 100 participants 
would provide a 95% precision interval with a precision level of +/-0.2 standard deviations (SD) for 
mean nutrient intake estimations. The number of participants used for this study is males (n=135), 
and females (n=266). Therefore, the planned sample size for females was not achieved. 
4.9 Statistical methods 
Statistical analysis was conducted using Stata (StataCorp. 2017 Stata Statistical Software: Release 
16 College Station, TX: StataCorp LLC) (92)and the Multiple Source Method (MSM) programme 
(67) was used to adjust for ‘usual intake’ when estimating dietary intake. Means and 95% 
confidence intervals (CI), and prevalence and 95% CI were calculated using Microsoft Excel. In 
addition, differences (and 95%CI) in prevalence between subgroups were calculated with Microsoft 
Excel. The study Biostatistician, Dr Jill Haszard (PI) oversaw all statistical analysis. For each 
participant, the proportion of fat intake, by fat type, from each of the food groups was then 
calculated. 
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5. Results 
5.1 Recruitment summary 
Nineteen schools consented to participate in the SuNDiAL study equating to a total of 401 
participants; 266 adolescent females and 135 adolescent males. Of these, 242 (91.0%) females and 
102 (75.6%) males completed one 24-hour recall and 209 (78.6%) females, and 72 (53.3%) males 
completed a second 24-hour recall. Due to the Covid 19 pandemic there was only one recruitment 
phase of adolescent boys in 2020, therefore, there is a larger proportion of females (n=266) 
compared to males (n=135). Participant recruitment for the current study is illustrated in Figure 5. 
1. 
 






Phase One – first intake 
February – April 2019 
Phase One – second intake 
July – September 2019 
Phase Two – single intake 
February - April 2020 
8 schools recruited 
1882 eligible participants 
263 responded 
5 schools recruited 
2054 eligible participants 
220 responded 
6 schools recruited 
1664 eligible participants 
334 responded 
89 did not consent 
22 parents did not consent 
7 did not complete enrolment 
69 did not consent 
17 parents did not consent 
5 did not complete enrolment 
1 withdrew data 
1 was >18y so was excluded 
101 did not consent 
76 parents did not consent 
10 did not complete enrolment 
1 was >18y so was excluded 
418 participants consented to participate 
145 females from Phase One 
127 females from Phase Two 
146 males from 2020 
6 females and 11 males 
 did not complete dietary intake data or questionnaires 
n= 6 females, n=10 males 
401 participants included in this study 
 
Females (n = 266) 
242 completed a 24-hour recall 
209 completed a second recall 
264 completed online questionnaires 
239 completed dietary habits questionnaire 
240 completed anthropometric measures 
Males (n = 135) 
102 completed a 24-hour recall 
72 completed a second recall 
128 completed online questionnaires 
122 completed dietary habits questionnaire 
109 completed anthropometric measures 
Figure 5. 1 Flow diagram illustrating recruitment of participants in the SuNDiAL study 
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5.2 Participant characteristics 
Sociodemographic variables in the total sample and by gender are presented in Table 5. 1. The 
majority of participants identified as New Zealand European/Other (69.8%). This study had 
adequate representation of participants identifying as Māori (13.5%) and Asian (12.5%) when 
compared to the 2018 census, where Māori representation made up 16.5% of the population and 
Asian 15.1%. Pacific peoples in this study are under-represented compared the 2018 census when 
8.1% of the population was represented by this ethnic group (93).  
Māori representation was higher in the female cohort (15.8%) when compared to males (9.2%), and 
31.5% of male participants identified as Asian versus only 3.4% in female adolescents. Participants 
identifying as Pacific were under-represented for both genders (females 2.3%, males 2.2%). 
Household deprivation levels were evenly represented numerically between genders although, those 
representing the highest levels of deprivation were lower. The mean [SD] age for adolescent males 
was 16.6 [0.7] and for females 16.8 [0.8] years. Approximately one third of both males (32.4%) and 
females (34.0%) from the total population were classified as overweight and obese according to the 
WHO Growth Standard Reference data (89). Most notably, 26% of male adolescents who identified 
as NZEO, and 41% of those who identified as Māori, were included in this category. This was 
similar to the prevalence of being overweight among female adolescents, with 27% of those who 
identified as NZEO and 47.6% of Māori being represented in this group. Furthermore, 30% of total 
participants who were classified as overweight, were within the most deprived household levels, 
and 41% were within deciles 4-7. Of note, each decile makes up 10% of the population and given 
three deciles are combined when reporting in this study, 30% of the population would be expected 
to be in the most deprived households.  
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Table 5. 1 Demographic variables of adolescent males and females in the total sample 
 







Age, years [mean (SD)] 16.7 (0.8) 16.8 (0.8) 16.6 (0.7) 
Ethnicity, n (%)    
NZEO 280 (71.2) 207 (78.4) 73 (56.6) 
Māori 54 (13.7) 42 (15.9) 12 (9.3) 
Pacific 9 (2.3) 6 (2.3) 3 (2.2) 
Asian 50 (12.7) 9 (3.4) 41 (31.7) 
Height, cm [mean (SD)]2 168.9 (8.2) 165.8 (6.5) 175.7 (7.2) 
Weight, kg [mean (SD)]3 67.3 (13.5) 66.0 (12.7) 70.7 (14.9) 
Weight categories [mean (SD)]4,5    
Underweight 1 (0.3) 0 (0.0) 1 (0.9) 
Healthy 230 (65.9) 157 (65.7) 73 (67.0) 
Overweight 86 (24.6) 57 (23.8) 29 (26.6) 
Obese 31 (8.8) 25 (10.5) 6 (5.5) 
Household deprivation decile6, n (%)    
Decile 1-3 (low) 152 (38.7) 106 (40.1) 46 (35.7) 
Decile 4-7 160 (40.7) 106 (40.1) 54 (41.9) 
Decile 8-10 (high) 81 (20.6) 52 (19.8) 29 (22.4) 
Abbreviations: n, number of participants; SD, standard deviation; NZEO, New Zealand European/Other; BMI, body 
mass index; Q, quintile 
1 Data are presented as a percentage unless otherwise indicated and are presented only for participants who had data 
available. 
2 Height data available for  n=241 (females), n=109 (males) 
3 Weight data available for n=240 (females), n=109 (males) 
4 Data presented using World Health Organisation (WHO) Growth Standard reference data 2007 (89); data available 
for n=240 (females), n=109 (males). 
5 Underweight defined as BMI z-score <-2SD, healthy weight as between ≥-2SD and ≤+1SD, overweight as >+1SD, 
and obese as >+2SD using WHO Growth Standard refence data 2007 (89); data available for n=240 (females), n=109 
(males). 
6 Determined using the NZDep18 Index of Deprivation (88) in which decile 1 represents the areas with the least 
deprivation, and decile 10 represents the areas with the most deprivation; data available for n=264 (females), n=129 
(males). 
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5.3 Intakes of fat among adolescent females and males in New Zealand 
Table 5. 2 illustrates usual daily fat intake by gender and ethnicity. Mean fat intakes were higher 
for adolescent males compared to females regardless of fat type. As a percentage of total energy, 
mean total fat intake accounted for 37.5% (95%CI: 36.5-38.4) for adolescent males and 36.5% 
(95%CI: 35.8-37.2) for females, both in excess of the WHO recommendations to prevent chronic 
disease (30). Similarly, estimated mean intakes of SFA exceeded recommendations with 96.1% of 
adolescent males and 90.1% of females reporting a mean SFA intake 3.8-4.0% above the maximum 
recommendation (females: 13.8%TE (95%CI: 13.5-14.2)), males: 14.0%TE (95%CI: 13.5-14.4). 
Conversely, two thirds of the population, appeared to be at risk of inadequate PUFA intakes (males 
5.6%TE (95%CI: 5.2-6.0; females (5.5%TE (95% CI: 5.3-5.7)). No significant differences were 
observed between genders for MUFA intake (mean difference 0.29% (95%CI: -0.98-1.55)), which 
contributed 13.9%TE (95%CI: 13.4-14.4) for adolescent males and 13.6%TE (95%CI: 13.3-13.9) 
for females.  
5.3.1 Fat intake by ethnicity 
There was a statistically significant difference for MUFA intakes when comparing between 
Pasifika males and females (mean difference: 1.48% (95%CI: 0.51-6.33)), however, due to small 
subgroup numbers (n=6), these results should be interpreted with caution. No other notable 
differences in intakes were noted for other ethnic groups. Interestingly, when compared to the 
general population, estimated mean PUFA intakes were higher for Asian females (7.0%TE 
(95%CI: 5.0-9.1) with about two thirds consuming greater than 6%TE. The same degree of PUFA 
intake was not replicated in Asian males (5.9 %TE (95%CI: 5.3-6.4)). Irrespective of ethnicity, 
excessive SFA intakes were evident across all population subgroups, with Māori females having 
the greatest proportion (13.2%) meeting recommendations. 
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5.3.2 Fat intakes and deprivation status 
Deprivation status did not appear to negatively impact fat intakes, with no clinically meaningful 
differences observed between genders for all fat types. However, there was a slight increase in the 
contribution of total fat (NZDep 1-3: 37.3%TE, NZDep 8-10: 38.2%TE) and PUFA (NZDep 1-3: 
5.7%TE, NZDep 8-10: 6.1%TE) as a percentage of total energy when deprivation levels rose 
among adolescent males. The same increase was not seen among adolescent females. 
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Table 5. 2 Dietary fat intake among adolescent males and females aged 15-18 years in New Zealand1 
 
Type of fat Amount of fat consumed  
(g) 
Amount of fat consumed  
(%TE) 
Proportion of population meeting 
recommendations (%) 
 Mean (95%CI) Mean (95%CI)  
 Male Female Male Female Male Female 
Total population (n=345)2       
Total fat 101.0 (94.9-107.1) 78.9 (76.0-81.7) 37.5 (36.5-38.4) 36.5 (35.8-37.2) 31.4 29.2 
SFA 37.8 (35.3-40.2) 29.8 (28.6-30.9) 14.0 (13.5-14.4) 13.8 (13.5-14.2) 3.9 9.9 
PUFA 15.5 (13.9-17.1) 12.0 (11.3-12.6) 5.6 (5.2-6.0) 5.5 (5.3-5.7) 29.4 31.7 
MUFA3 37.7 (35.0-40.4) 29.4 (28.2-30.5) 13.9 (13.4-14.4) 13.6 (13.3-13.9) - - 
NZEO (n=245)       
Total fat 104.3 (97.5-111.1) 79.5 (76.4-82.6) 37.3 (36.2-38.4) 36.5 (35.8-37.3) 31.6 32.4 
SFA 39.4 (36.5-42.3) 30.3 (29.0-31.6) 14.1 (13.4-14.7) 14.0 (13.6-14.4) 5.3 9.0 
PUFA 15.8 (13.8-17.7) 11.9 (11.3-12.5) 5.6 (5.0-6.2) 5.4 (5.2-5.6) 22.8 27.7 
MUFA 38.7 (35.7-41.7) 29.4 (28.1-30.6) 13.8 (13.2-14.4) 13.5 (13.1-13.8) - - 
Māori (n=45)       
Total fat 89.3 (68.5-110.1) 75.4 (69.2-81.6) 37.1 (33.1-41.1) 36.7 (34.8-38.6) 29.0 21.1 
SFA 34.2 (27.0-41.4) 28.3 (25.5-31.0) 14.3 (12.7-15.9) 13.7 (12.8-14.7) 0.0 13.2 
PUFA 12.9 (6.9-18.8) 11.3 (9.9-12.6) 5.0 (3.8-6.3) 5.0 (5.0-6.0) 14.0 39.5 
MUFA 32.4 (24.1-40.7) 28.8 (26.3-31.4) 13.5 (11.2-15.7) 14.0 (13.2-14.9) - - 
Pacific (n=9)       
Total fat 158.7 (37.5-279.9) 89.7 (67.8-111.5) 37.0 (34.7-39.2) 35.0 (31.6-38.5) 33.3 33.3 
SFA 53.3 (9.3-97.2) 34.3 (24.9-43.6) 12.3 (10.9-13.6) 13.3 (12.0-14.6) 0.0 0.0 
PUFA 29.0 (-2.5-60.5) 14.8 (9.1-20.4) 5.9 (4.1-7.6) 5.7 (4.3-7.1) 33.3 50.0 
MUFA 69.6 (10.1-123.1) 31.9 (25.4-38.4) 16.0 (13.3-18.8) 12.6 (11.1-14.2) - - 
Asian (n=38)       
Total fat 88.8 (81.0-96.7) 78.6 (49.5-107.6) 37.6 (35.5-39.8) 37.9 (32.5-43.4) 37.9 22.2 
SFA 32.3 (29.1-35.5) 24.0 (17.8-30.2) 13.6 (12.8-14.5) 12.0 (11.0-13.0) 3.4 11.1 
PUFA 14.0 (12.1-15.8) 15.4 (6.7-24.1) 5.9 (5.3-6.4) 7.0 (5.0-9.1) 44.8 66.7 
MUFA 33.2 (29.7-36.6) 31.9 (20.1-43.7) 14.1 (13.0-15.1) 15.4 (13.0-17.9) - - 
Abbreviations: g, grams; %TE, percentage of total energy; 95% CI, 95 percent confidence interval; n, number of participants; NZEO, New Zealand European/Other; 
SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty acid. 
1 Data was calculated based on all participants who completed at least one 24-hour recall. 
2 Ethnicity data was not provided for six males and two females. 
3 Due to MUFA intakes being calculated as a difference, the proportion of participants meeting recommendations could not be calculated. 
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5.4 Intakes of fat among adolescent females and males in New Zealand compared to 
the Adult Nutrition Survey 2008/09 
5.4.1 Total fat intake 
When comparing total fat intake of adolescents in this study against those who participated in the 
ANS 08/09 (Table 5. 3), there are some clinically meaningful differences worth noting, however, 
one needs to be mindful that there are some variances between the two studies that need to be kept 
in mind such as differences in population characteristics. A decade ago, estimated mean total fat 
intake for adolescent males as a percentage of total energy was 34.9%TE (95%CI: 33.6-36.1) 
compared to that for male participants in the SuNDiAL study of 37.5%TE (95%CI: 36.5-38.4). The 
difference was also statistically significant for adolescent females (33.6%TE (95%CI: 32.5-34.6) 
compared to those in this study (36.5%TE (95%CI: 35.8-37.2)). Higher estimated intakes of total 
fat were seen across all ethnicities in the current study, however, significant differences were only 
observed in those participants who identified as NZEO (SuNDiAL males: 37.3%TE (95%CI: 36.2-
38.4) compared to (ANS males: 34.7%TE (95%CI: 33.3-36.1) and (SuNDiAL females: 36.5%TE 
(95%CI: 35.8-37.3) compared to (ANS females: 33.8%TE (95%CI: 32.6-34.9)). Of note, in the 
ANS 08/09 the data for those of Asian descent was not analysed separately, but rather included in 
the NZEO group, therefore the NZEO groups are not entirely comparable. 
5.4.2 Saturated fat intake 
Saturated fat intake as a percentage of total energy appears to have remained stable over the past 
decade. There was no difference between the means of adolescent girls, and a 0.3% difference for 
adolescent boys over this time period. However, lower intakes of SFA were observed for some 
ethnicities. Māori females reported a mean intake of 13.7%TE (95%CI: 12.8-14.7) in this study 
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compared to 14.8%TE (95%CI: 13.4-16.2) in 2008/09. Pacific males also reported a lower SFA 
intake; 12.3%TE (95%CI: 10.9-13.6), compared to 13.9%TE (95%CI: 12.3-15.5) a decade ago.  
5.4.3 Polyunsaturated fat intake 
Significant differences were also seen for PUFA intake. Adolescent males in this study reported 
PUFA intakes of 5.6%TE (95%CI: 5.0-6.2) compared to ten years ago when estimated mean 
intakes for males were 4.5%TE (95%CI: 4.3-4.7). Adolescent females appeared to demonstrate a 
similar PUFA intake pattern with SuNDiAL study participants reporting intakes of 5.5%TE 
(95%CI: 5.3-5.7) compared to adolescent females in the ANS 08/09 reporting intakes of 4.5%TE 
(95%CI: 4.2-4.7)). Over time, PUFA intakes appear to be higher across the entire population, 
indicating there are now more adolescents meeting recommendations than previously.  
5.4.4 Monounsaturated fat intake 
Since the ANS 08/09, MUFA intakes for both genders are higher. In this study, estimated mean 
MUFA intakes were 13.6%TE (95%CI: 13.3-13.9) for adolescent females compared to reported 
intakes of 11.9%TE (95%CI: 11.4-12.4) in the ANS 08/09. For adolescent males the difference was 
not as prominent, with a difference between means of 1.2%TE. 
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Table 5. 3 Fat intake as a percentage of total energy (%TE) by gender and ethnic group: comparison between SuNDiAL and the New 
Zealand Adult Nutrition Survey 2008/09 data1  
 SuNDiAL Study (n=401)  NZ ANS 2008/ 09 (n=699)2 
 Total Fat SFA  PUFA  MUFA   Total Fat SFA  PUFA  MUFA  
















WHO Recommendations 20-35%  10% 6-11% Difference3  20-35%  10% 6-11% Difference 
Girls (15-18 y)          
Total Population 36.5 (35.8-37.2) 13.8 (13.5-14.2) 5.5 (5.3-5.7) 13.6 (13.3-13.9)  33.6 (32.5-34.6) 13.8 (13.2-14.3) 4.5 (4.2-4.7) 11.9 (11.4-12.4) 
NZEO 36.5 (35.8-37.3) 14.0 (13.6-14.4) 5.4 (5.2-5.6) 13.5 (13.1-13.8)  33.8 (32.6-34.9) 13.9 (13.2-14.5) 4.6 (4.3-4.8)  11.9 (11.4-12.4)  
Māori 36.7 (34.8-38.6) 13.7 (12.8-14.7) 5.0 (5.0-6.0) 14.0 (13.2-14.9)  35.7 (33.0-38.5) 14.8 (13.4-16.2) 4.4 (4.0-4.9) 12.9 (11.7-14.0) 
Pacific 35.0 (31.6-38.5) 13.3 (12.0-14.6) 5.7 (4.3-7.1) 12.6 (11.1-14.2)  32.6 (29.6-35.7) 13.3 (11.8-14.8) 4.0 (3.6-4.5) 11.9 (10.5-13.3) 
Asian4 37.9 (32.5-43.4) 12.0 (11.0-13.0) 7.0 (5.0-9.1) 15.4 (13.0-17.9)  - - - - 
Boys (15-18 y)          
Total population 37.5 (36.5-38.4) 14.0 (13.5-14.4) 5.6 (5.2-6.0) 13.9 (13.4-14.4)  34.9 (33.6-36.1) 14.3 (13.6-14.9) 4.5 (4.3-4.7) 12.7 (12.2-13.2) 
NZEO 37.3 (36.2-38.4) 14.1 (13.4-14.7) 5.6 (5.0-6.2) 13.8 (13.2-14.4)  34.7 (33.3-36.1) 14.3 (13.5-15.1) 4.5 (4.3-4.7) 12.6 (12.0-13.1) 
Māori 37.1 (33.1-41.1) 14.3 (12.7-15.9) 5.0 (3.8-6.3) 13.5 (11.2-15.7)  34.7 (32.2-37.2) 13.9 (12.7-15.0) 4.6 (4.2-5.0) 12.7 (11.5-13.9) 
Pacific 37.0 (34.7-39.2) 12.3 (10.9-13.6) 5.9 (4.1-7.6) 16.0 (13.3-18.8)  35.0 (30.9-39.1) 13.9 (12.3-15.5) 4.4 (3.9-5.0) 13.4 (11.5-15.3) 
Asian 37.6 (35.5-39.8) 13.6 (12.8-14.5) 5.9 (5.3-6.4) 14.1 (13.0-15.1)  - - - - 
Abbreviations: SuNDiAL, Survey of Nutrition Dietary Assessment and Lifestyle; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; %TE, percentage of total energy; CI, confidence interval; WHO, World Health Organisation; y, years; NZEO, New Zealand European/Other 
1 Adapted from the New Zealand Adult Nutrition Survey data (9). 
2 Data includes adolescents (15-18 years) who completed at least one 24-hour recall in the NZ ANS 08/09 (males; n=326, females; n=373) 
3 MUFA intake is determined by a difference between SFA, PUFA and TFA e.g. SFA (%TE) – PUFA (%TE) – TFA (%TE) (94) 
4 In the ANS 08/09,  participants of Asian descent were included in the New Zealand European/Other (NZEO) category.
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5.5 Major food sources of fat between genders 
The major food groups contributing to the different fat types consumed by male and female 
adolescents are shown in Error! Reference source not found. and Error! Reference source not 
found.. Regardless of fat type, the data showed there were similarities in the major food sources 
(top ten) between genders, however, there were also some noticeable differences, and the amount of 
fat contributed was variable.  
5.5.1 Primary food sources of total fat 
There was a 5.8% difference in the mean amount of total fat contributed by poultry for adolescent 
males (11.9%) when compared to adolescent females (6.1%). Conversely, bread-based dishes 
contributed 6.5% of total fat to the diet of both male and female adolescents. Notable variations in 
contributors of total fat included sausages/processed meat (4.4%), beef and veal (3.9%), and pies 
and pasties (3.8%) which were among the top ten food sources for adolescent males only. 
Conversely, bread (4.3%), biscuits (4.7%), cakes and muffins (5.4%) made up the top ten food 
sources for females. 
5.5.2 Primary food sources of saturated fat 
Cheese, milk and dairy products featured among the top ten major contributors of saturated fat of 
both adolescent males and females however, amounts were variable. Cheese contributed 8.6% for 
girls, the largest source of SFA in their diet, while cheese contributed 7.8% SFA to the diet of 
adolescent boys, behind poultry (10.8%) and milk (10.2%). Sweeter items such as biscuits, cakes, 
muffins and sweets were significant SFA contributing food sources for females but not males, who 
appear to have a preference for meat and meat products. 
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5.5.3 Primary food sources of polyunsaturated fat 
Nuts and seeds were major contributors of polyunsaturated fat for both adolescent males (7.1%) 
and females (8.7%), however, poultry appeared to provide a greater amount for adolescent boys 
(poultry 12.3%). Despite not contributing major amounts of total or saturated fat, savoury sauces, 
vegetables, and butter and margarine featured as major sources of PUFA for adolescent males.  
5.5.4 Primary food sources of monounsaturated fat 
There was a 6.6% difference in mean intakes of MUFA provided by poultry between adolescent 
males and females in this study, the most significant calculated difference provided by a food 
source among all fat types. Other food sources contributing >5% MUFA irrespective of gender 
included potatoes, kumara and taro (males 6.2%; females 7.4%),  bread-based dishes (males 6.1%; 
females 6.3%), and nuts and seeds (males 5.7%; females 7.4%). 
5.5.5 Primary food sources of adolescents meeting recommendations 
For those females meeting recommendations, butter and margarine were major food sources of 
SFA for adolescent females contributing 6.1%TE (95%CI: 1.5-10.7). Milk contributed the greatest 
amount of SFA to diets of females providing 12.4%TE (95%CI: 4.6-20.2), 6.6% greater than 
adolescents exceeding recommendations, although not significant. With regards to food sources 
providing PUFA, cakes/muffins and pies/pasties were major contributors among adolescent males 
meeting the recommended 6-11% TE, compared to vegetables and breakfast cereals which were 
reported as major sources for those males who did not meet the 6% threshold. 
  




Figure 5. 2 Major food sources contributing total and saturated fat among adolescents in New Zealand by gender 
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Figure 5. 3 Major food sources contributing to polyunsaturated and monounsaturated fat among adolescents in  
New Zealand by gender 
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5.6 Food sources by ethnicity  
Tables 5.4-5.7 (see Appendix  H) illustrate the variation seen among the major food sources of fat 
in this study by ethnicity. Poultry, grains/pasta and sausages/processed meat were among the top 
ten food sources of total fat for all ethnicities however, pork was only a source for Māori adolescent 
males and potatoes/kumara/taro was not included as a primary source of total fat for males 
identifying as Asian. Bread-based dishes provided similar amounts of total fat to the diets of Māori 
(19.3%) and Pacific (17.8%) males but did not feature as a primary source for other ethnicities. For 
adolescent females, nuts/seeds, potatoes/kumara/taro and poultry were major sources of total fat for 
all ethnic groups. Bread-based dishes and grains/pasta were not categorised as major food sources 
of total fat for females of Pacific descent, however, this was the only ethnic group where 
lamb/mutton and butter/margarine were included. Similar variances were seen for sources of 
saturated fat with Pacific males being the only ethnic group without cheese as a primary food 
group, and Asian males not reporting potatoes/kumara/taro in this category. Interestingly, 
cakes/muffins and biscuits were among the top food sources of SFA for all female ethnic 
subgroups, but only featured in those males who identified as NZEO. Regarding food sources 
providing PUFA, there appeared to be more variation between the ethnic subgroups, particularly 
males. Pacific males were the only group not to have vegetables as a primary PUFA source and 
nuts/seeds did not feature for Māori and Pacific males. On the other hand, potatoes/kumara/taro 
were among the food sources of PUFA for all ethnic subgroups except Asian males. Notably, 
poultry was the only food source of MUFA to feature among the major food sources for both 
genders across all ethnicities. Nuts and seeds were also a predominant MUFA source for all those 
except Pacific females and Māori males, and pork contributed MUFA to the diets of Māori 
adolescent males and females only. 
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5.7 Changes to primary food sources over a decade 
Tables 5.8-5.11 show the differences in food sources which provide fat to the diet of New Zealand 
adolescents, by fat type and gender, since the last nutrition survey.  
5.7.1 Changes to food sources of total fat 
Bread-based dishes were the predominant source of total fat for adolescent boys in 2008/09 (12.3% 
(95%CI: 9.9-14.6), compared to male participants in this study (6.5% (95%CI: 5.8-9.3), where 
poultry (11.9%), milk (6.7%) and grains/pasta (6.7%) appeared to provide more total fat. Bread-
based dishes remained the primary food source of total fat for females, however, there was a 
significant difference in the amount of total fat these dishes contributed (6.5% (95%CI: 4.9-6.8) 
when compared to the ANS 08/09 data (11.4% (95%CI: 8.9-13.9) (9). Total fat provided by 
potatoes, kumara and taro was significantly lower for adolescent males, with a difference between 
means of -4.6%. A similar and significant reduction was seen for this food group among adolescent 
girls (6.1% (95%CI: 5.3-7.1)) compared to 10.1% (95%CI: 8.3-11.8) a decade ago. Furthermore, 
there were ‘major’ (top ten) food sources contributing total fat in this study that were not 
predominant sources ten years ago: sausages/processed meat and pies/pasties for males, biscuits for 
females, and nuts and seeds for both genders.  
5.7.2 Changes to food sources of saturated fat 
The amount of saturated fat being provided by cheese is higher for adolescent females, and now 
appears to be the primary food source of SFA (8.6% (95%CI: 6.9-10.2) compared to 5.5% (95%CI: 
4.1-6.8) previously. However, poultry appears to be the primary food source of SFA for adolescent 
males with a statistically significant difference between means of 5.1% (10.8% (95%CI: 7.7-13.9)) 
compared to (5.7% (95%CI: 4.3-7.1%)) previously. The amount of SFA being provided by bread-
based dishes has also changed for both genders. This food group now provides 6.6% SFA (95%CI: 
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3.7-9.5) to the diet of adolescent males compared to 12.5% (95%CI: 9.9-15.1) in the ANS 08/09, 
and 6.8% (95%CI: 5.1-8.4) versus 11.3% (95%CI: 8.8-13.8) for females. A further change was 
seen in the amount of SFA provided by potatoes/kumara and taro by both males and females with a 
difference between means of -5.0% and -3.9% respectively. Interestingly, sausages/processed meat 
are now included in the top ten food sources of SFA for males but have dropped out of this 
category for females in favour of sugar/sweets. 
5.7.3 Changes to food sources of polyunsaturated fat 
Nuts and seeds, previously not included in the top ten food groups, now appear to provide the 
greatest amount of PUFA to the diet of adolescent females (8.7% (95%CI: 6.7-10.7)). Furthermore, 
snacks (sweet) are also now included in this category and provide 4.1% (95%CI: 3.1-5.1), whereas 
butter/margarine and fruit are no longer included. For adolescent males, significant changes were 
seen in the amount of PUFA provided by both bread-based dishes and butter/margarine. In 
2008/09, bread-based dishes contributed 12.5% (95%CI: 9.9-15.1), however, in this study provided 
6.1% (95%CI: 3.3-8.9). Similarly, there was a reduction in the provision of PUFA by 
butter/margarine with 4.0% (2.3-5.8) estimated in this study compared to 7.9% (95%CI: 6.3-9.6%) 
previously. Fish/seafood and beef/veal provided 3.3-3.4% of PUFA to the diets of adolescent males 
in 2008/09 and were considered major food sources however, this is no longer the case. 
5.7.4 Changes to food sources of monounsaturated fat 
The greatest transformation of food groups considered major sources in 2008/09 compared to this 
study were demonstrated in those providing MUFA. Previously, butter/margarine, 
sausages/processed meat, beef/veal, pies/pasties and milk were all among the top ten food sources 
providing MUFA to the diets of adolescent females. In this study, these food groups appear to have 
been replaced by nuts/seeds, savoury sauces/condiments, vegetables, bread and biscuits. Two food 
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groups providing MUFA have also changed for adolescent males. In this study, nuts/seeds and 
savoury sauces/condiments are considered major food sources whereas butter/margarine and 
eggs/egg dishes are no longer included in this category. 
 
Table 5. 8 Comparison of food sources providing total fat (95%CI), by gender and food group 
between the SuNDiAL Study and the New Zealand ANS 08/091 
Food Group Males  
SuNDiAL 
 Food Group Males 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Poultry 11.9 (11.2-15.0)  Bread-based dishes 12.3 (9.9-14.6) 
Milk 6.7 (5.6-8.1)  Potatoes, kumara, taro 10.0 (8.1-11.8) 
Grains and pasta 6.7 (5.6-8.6)  Poultry 6.9 (5.2-8.6) 
Bread-based dishes 6.5 (5.8-9.3)  Butter and margarine 5.6 (4.4-6.9) 
Potatoes, kumara, taro 5.4 (4.7-7.1)  Milk 5.2 (4.3-6.0) 
Cheese 4.9 (3.9-6.5)  Grains and pasta 5.1 (3.3-6.8) 
Nuts and seeds 4.5 (3.6-6.5)  Beef and veal 4.8 (3.2-6.5) 
Sausages, processed meat 4.4 (2.5-6.0)  Bread 4.0 (3.3-4.8) 
Beef and veal 3.9 (3.5-5.6)  Cheese 3.2 (2.2-4.3) 
Pies and pasties 3.8 (2.9-5.6)  Cakes and muffins 2.1 (1.4-2.9) 
 
Food Group Females SuNDiAL  Food Group Females 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Bread-based dishes 6.5 (4.9-6.8)  Bread-based dishes 11.4 (8.9-13.9) 
Poultry 6.1 (6.6-8.0)  Potatoes, kumara, taro 10.1 (8.3-11.8) 
Potatoes, kumara, taro 6.1 (5.3-7.1)  Poultry 6.2 (4.5-7.9) 
Nuts and seeds 5.7 (5.9-8.1)  Grains and pasta 5.6 (4.2-7.0) 
Grains and pasta 5.6 (4.5-6.2)  Butter and margarine 5.5 (4.5-6.4) 
Cheese 5.5 (6.4-8.2)  Cakes and muffins 4.9 (3.8-6.1) 
Cakes and muffins 5.4 (4.4-7.1)  Milk 4.6 (3.7-5.5) 
Biscuits 4.7 (3.7-5.6)  Bread 4.4 (3.6-5.1) 
Bread 4.3 (3.9-4.9)  Cheese 3.9 (2.8-4.9) 
Milk 4.0 (3.2-4.7)  Beef and veal 3.7 (2.4-4.9) 
Abbreviations: 95%CI; 95% confidence interval, SuNDiAL; Survey of Nutrition Dietary Assessment and Lifestyle ANS 08/09; 
Adult Nutrition Survey 2008/09 
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Table 5. 9 Comparison food sources providing saturated fat (95%CI), by gender and food group 
between the SuNDiAL Study and the New Zealand ANS 08/091 
 
Food Group Males  
SuNDiAL 
 Food Group Males 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Poultry 10.8 (7.7-13.9)  Bread-based dishes 12.5 (9.9-15.1) 
Milk 10.2 (8.1-12.3)  Potatoes, kumara, taro 9.7 (7.8-11.5) 
Cheese 7.8 (5.5-10.1)  Milk 7.6 (6.3-8.9) 
Bread-based dishes 6.6 (3.7-9.5)  Pies and pasties 6.4 (4.4-8.3) 
Grains and pasta 6.3 (4.5-8.1)  Poultry 5.7 (4.3-7.1) 
Sausages, processed meat 4.8 (2.9-6.6)  Butter and margarine 5.1 (3.5-6.7) 
Pies and pasties 4.7 (2.3-7.0)  Grains and pasta 4.9 (3.0-6.8) 
Potatoes, kumara, taro 4.7 (3.1-6.2)  Beef and veal 4.7 (3.1-6.3) 
Dairy products 4.3 (2.7-5.9)  Cheese 4.6 (3.2-6.0) 
Beef and veal 4.1 (2.4-5.9)  Dairy products 4.7 (3.3-5.8) 
 
 
Food Group Females SuNDiAL  Food Group Females 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Cheese 8.6 (6.9-10.2)  Bread-based dishes 11.3 (8.8-13.8) 
Bread based dishes 6.8 (5.1-8.4)  Potatoes, kumara, taro 9.2 (7.5-10.8) 
Biscuits 6.4 (5.2-7.5)  Milk 6.3 (5.1-7.6) 
Cakes and muffins 6.1 (4.8-7.4)  Cakes and muffins 5.7 (4.4-7.1) 
Milk 5.8 (4.7-6.9)  Dairy products 5.7 (4.3-7.0) 
Potatoes, kumara, taro 5.3 (4.2-6.4)  Cheese 5.5 (4.1-6.8) 
Grains and pasta 5.3 (4.2-6.3)  Biscuits 5.5 (4.1-6.8) 
Poultry 5.3 (4.2-6.3)  Grains and pasta 5.4 (3.9-6.8) 
Dairy products 4.7 (3.6-5.8)  Poultry 5.3 (3.7-6.9) 
Sugar/sweets 4.1 (3.1-5.2)  Sausages, processed meat 4.9 (3.0-6.7) 
Abbreviations: 95%CI; 95% confidence interval, SuNDiAL; Survey of Nutrition Dietary Assessment and Lifestyle ANS 08/09; 
Adult Nutrition Survey 2008/09 
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Table 5. 10 Comparison of food sources providing polyunsaturated fat (95%CI), by gender and 
food group between the SuNDiAL Study and the New Zealand ANS 08/091 
 
Food Group Males  
SuNDiAL 
 Food Group Males 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Poultry 12.3 (9.1-15.4)  Bread-based dishes 12.5 (9.9-15.1) 
Nuts and seeds 7.1 (4.1-10.2)  Potatoes, kumara, taro 9.7 (7.9-11.5) 
Grains and pasta 6.9 (4.8-9.0)  Butter and margarine 7.9 (6.3-9.6) 
Potatoes, kumara, taro 6.7 (4.3-9.2)  Poultry 7.8 (5.6-10.0) 
Bread 6.4 (4.7-8.1)  Bread 7.4 (6.2-8.6) 
Bread based dishes 6.1 (3.3-8.9)  Grains and pasta 5.2 (3.8-6.6) 
Vegetables 5.2 (2.9-7.6)  Vegetables 3.7 (2.5-4.9) 
Savoury sauces, condiments 5.2 (3.3-7.0)  Nuts and seeds 3.5 (2.2-4.7) 
Breakfast cereals 4.3 (2.2-6.3)  Beef and veal 3.4 (2.0-4.8) 
Butter and margarine 4.0 (2.3-5.8)  Fish and seafood 3.3 (1.8-4.7) 
 
 
Food Group Females SuNDiAL  Food Group Females 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Nuts and seeds 8.7 (6.7-10.7)  Bread-based dishes 12.3 (9.5-15.0) 
Bread 7.9 (6.8-8.9)  Potatoes, kumara, taro 9.8 (8.1-11.5) 
Potatoes, kumara, taro 6.7 (5.5-7.9)  Bread 8.9 (7.5-10.3) 
Bread based dishes 6.3 (5.1-7.5)  Butter and margarine 7.8 (6.4-9.2) 
Grains and pasta 6.3 (5.1-7.5)  Poultry 6.5 (4.8-8.3) 
Poultry 6.1 (4.8-7.4)  Grains and pasta 6.1 (4.8-7.5) 
Vegetables 5.9 (4.7-7.0)  Vegetables 5.0 (3.5-6.5) 
Savoury sauces, condiments 5.8 (4.1-6.9)  Cakes and muffins 4.5 (3.4-5.5) 
Cakes and muffins 5.5 (4.1-6.9)  Fruit 3.1 (2.4-3.7) 
Snacks sweet 4.1 (3.1-5.1)  Savoury sauces 2.4 (1.6-3.1) 
Abbreviations: 95%CI; 95% confidence interval, SuNDiAL; Survey of Nutrition Dietary Assessment and Lifestyle ANS 08/09; 
Adult Nutrition Survey 2008/09 
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Table 5. 11 Comparison food sources providing monounsaturated fat (95%CI), by gender and food 
group between the SuNDiAL Study and the New Zealand ANS 08/091 
 
Food Group Males  
SuNDiAL 
 Food Group Males 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Poultry 14.3 (10.7-17.9)  Bread-based dishes 12.5 (10.0-15.0) 
Grains and pasta 6.4 (4.3-8.4)  Potatoes, kumara, taro 11.0 (9.0-13.1) 
Potatoes, kumara, taro 6.2 (4.2-8.1)  Poultry 8.7 (6.5-10.9) 
Bread based dishes 6.1 (3.3-8.9)  Beef and veal 6.0 (3.9-8.0) 
Nuts and seeds 5.7 (3.1-8.2)  Butter and margarine 5.7 (4.5-6.9) 
Sausages, processed meat 5.0 (3.1-6.9)  Pies and pasties 5.5 (3.8-7.2) 
Milk 4.8 (3.8-5.9)  Grains and pasta 5.0 (3.3-6.6) 
Beef and veal 4.4 (2.5-6.4)  Sausages, processed meat 4.5 (2.7-6.4) 
Savoury sauces, condiments 4.4 (2.9-5.8)  Milk 3.7 (3.0-4.4) 
Pies and pasties 3.6 (1.8-5.5)  Eggs and egg dishes 3.3 (1.9-4.7) 
 
 
Food Group Females SuNDiAL  Food Group Females 
ANS 08/09 
 % (95%CI)   % (95%CI) 
Poultry 7.7 (6.2-9.1)  Potatoes, kumara, taro 11.9 (9.8-14.0) 
Potatoes, kumara, taro 7.4 (6.1-8.7)  Bread-based dishes 11.4 (8.9-13.9) 
Nuts and seeds 7.4 (5.6-9.1)  Poultry 7.9 (5.9-9.9) 
Bread-based dishes 6.3 (4.8-7.8)  Butter and margarine 5.7 (4.7-6.7) 
Grains and pasta 4.9 (3.8-6.0)  Grains and pasta 5.6 (4.2-6.9) 
Cakes and muffins 4.8 (3.8-5.9)  Sausages, processed meat 5.1 (3.2-6.9) 
Savoury sauces, condiments 4.7 (3.5-5.9)  Cakes and muffins 4.6 (3.5-5.7) 
Vegetables 3.9 (2.8-5.0)  Beef and veal 4.3 (2.9-5.8) 
Bread 3.7 (3.0-4.3)  Pies and pasties 3.7 (2.5-5.0) 
Biscuits 3.6 (3.0-4.3)  Milk 3.5 (2.8-4.3) 
Abbreviations: 95%CI; 95% confidence interval, SuNDiAL; Survey of Nutrition Dietary Assessment and Lifestyle ANS 08/09; 
Adult Nutrition Survey 2008/09 
1Data adapted from the New Zealand Adult Nutrition Survey 2008/09 (9, 95). 
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6. Discussion  
This is the first study to be conducted in a decade examining the fat intakes and contributing food 
sources in a cross-sectional survey among New Zealand adolescents. However, it is important to be 
mindful of the challenges when drawing comparisons against the ANS 08/09 due to the different 
population samples and ethnic subgroups in the present study being small. The percentage 
contribution to energy for all fat types were higher in males compared to females. Results indicate 
higher intakes in mean total and monounsaturated fat as a percentage of total energy over the past 
ten years, irrespective of gender. In addition, both total and saturated fat intakes continue to be in 
excess of both national and WHO recommendations (30, 69), despite a downward trend in saturated 
fat intakes for Māori females and Pacific and NZEO males. This is concerning given the 
established links between saturated fat intake and CHD risk (2, 24). In contrast, PUFA intakes were 
lower than recommended for two thirds of the population. Compared to the ANS 08/09, higher 
intakes of PUFA were observed for both genders however, further improvements are needed if 
health benefits associated with PUFA intakes are to be realised (2).  
6.1 Fat intakes among adolescents in New Zealand and globally 
Like many other countries, mean total fat intakes in this study (36.5%TE for females and 37.5%TE 
for males) were in excess of current recommendations (13, 14, 16, 96). However, studies looking at 
intake trends over time indicate a lot of variability globally, with reductions in total and saturated 
fat being uncommon in some countries (17, 18, 80), but appear to have stabilised in others (97-99). 
Australian data showed total fat intake for adolescent males in 2011/12 was 31.2%TE, and females 
32.4%TE (81), which is within recommendations endorsed by the WHO (30). These results are also 
lower than those reported in the ANS 08/09 (males 34.9%TE, females 33.6%TE), which was 
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conducted a few years earlier. In Belgium, reported intakes were above recommendations; 
36.5%TE for males and 35.7%TE for females (13), and this is similar in Greece (14). In addition, 
the proportion of adolescents exceeding the national maximum of 30%TE for total fat in China, 
increased by almost a third in both males and females over an 18 year period (18). Collectively, this 
data suggests that intakes of total fat are at the higher end of recommendations, meaning efforts to 
reduce fat intake would likely provide benefits to the long-term health of this population group 
including decreased risk of obesity and T2DM (43, 45, 48).  
In New Zealand, saturated fat intakes appear to have plateaued for adolescent females and declined 
slightly among males (0.3%) in the past decade, however, intakes remain in excess of current 
recommendations for both sexes, representing 14.8%TE and 13.8%TE, respectively. These results 
are similar to those reported in Belgium and Ireland (13, 16), although it is unclear from these 
studies if this indicates a decline or an increase in SFA intake over time. Estimated intakes reported 
from Canada, USA and India are lower than those in this study (15, 82, 83), however, remain in 
excess of the WHO upper limit of 10%TE (30) . On the other hand, SFA intakes in Korea were 
within recommendations and lower than other countries, for both adolescent males and females 
(7.9%TE and 7.7%TE respectively), despite reports of increased intake in recent years (17). 
Persistently high levels of saturated fat intake globally indicate that efforts to promote a reduction 
in consumption in recent years have been unsuccessful (100), and may require further development 
if levels are to be brought in line with current recommendations, potentially resulting in decreased 
risk of CVD (2).  
In the present study, PUFA intakes are higher than those observed in the ANS 08/09, but 
unfortunately remain below recommendations for both genders and all ethnicities with the 
exception of Asian females. It also appears challenging for the minimum recommended PUFA 
level of 6%TE to be achieved globally, with less than desired intakes being seen in several 
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countries (12-14, 17). According to an FAO expert report, the evidence for replacing SFA with 
PUFA as a method of reducing risk of CVD is convincing (30).  
Higher MUFA intakes were seen for all ethnicities and both genders when compared to the ANS 
08/09, with the greatest difference between means being seen among females (1.6%) and males 
(1.2%) who identified as NZEO. Higher MUFA intake trends were also observed in Britain (97), 
while mean intakes in Brazil (101) and Australia (12) were lower than those reported in this study, 
although data is not as recent. 
6.2 Food sources of fat among New Zealand adolescents 
Alongside fat intake, the diet profile of adolescent New Zealanders appears to be changing, with 
notable differences in the primary food sources that contribute dietary fat. A decade ago, bread-
based dishes and potatoes/kumara/taro featured as the two predominant food sources for all fat 
types and both genders. Results from this study show greater variation in the major fat providing 
foods, although the two food groups mentioned above are still classified as primary food sources 
for all fat types. Some gender differences were also apparent. Poultry was the primary food source 
for all fat types among adolescent males, whereas adolescent females appear to have greater 
variation in sources. For females, the primary sources of total fat, SFA, PUFA and MUFA, 
respectively, were bread-based dishes (e.g. sandwiches, filled rolls, hamburgers), cheese, nuts and 
seeds, and poultry.  
In global studies that have looked at adolescent males and females separately, there appears to be 
less variation between genders compared to adolescents in New Zealand, however, the time period 
over which surveys were conducted is variable and, therefore, may not be representative of current 
dietary fat sources in all countries. For example, in Belgium, fats/oils/savoury sauces and 
meat/meat products were the two primary sources of total and saturated fat for both genders (13). 
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Similarly, in the United Kingdom, meat/meat products, cereals and milk were the predominant food 
sources of total fat for both male and female adolescents (97). When genders were combined, such 
as a study conducted by Joyce et al among Irish adolescents, sugars/confectionary/preserves, meat 
products, and whole milk were the predominant food sources to supply both total and saturated fat 
(16). Together, this literature suggests that red meat is a primary source of total and saturated fat 
globally (12, 13, 16, 77, 84, 97, 102); however, the present study suggests the amount of total and 
saturated fat being provided by red meat (beef/veal) in New Zealand is declining. Moreover, results 
from this study show that beef and veal, the only red meat recognised as a primary source, is not 
considered a major food source of total or saturated fat for adolescent females. In Australia, where 
dietary patterns are most likely to emulate those in New Zealand, dairy products provided more 
total (20.9%), saturated (31.5%) and monounsaturated fat (17.1%) than red meat (6.9-9.1%), and 
bread was the primary source of PUFA (10.2%) (12).  
6.3 Potential factors influencing diet 
Some patterns emerged in respect to deprivation status and diet quality. Intakes of total and 
saturated fat were higher for those classified as more deprived compared to their more affluent 
peers (data not shown). Lower socioeconomic status, geographical location, urbanisation and rising 
food costs are recognised as contributing factors of a poor diet globally (73, 74). A nutritious diet is 
essential to support the rapid growth and developmental requirements of adolescents so strategies 
which encourage the consumption of healthy food is important. A systematic review by Thow et al 
examined the impact of food taxes and subsidies globally and revealed that altering the economic 
value of nutrients in this way can positively impact diet quality (103), suggesting there is potential 
for change. Recent literature suggests that diets of adolescents have intakes of total and saturated 
fat either at the high end, or in excess of recommended amounts (13, 14, 16, 77, 80). Furthermore, 
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dietary patterns appear to have transitioned over time due to factors such as globalisation, 
socioeconomic status, food price and adoption of a western diet  (104-106). This could, in part, 
explain the variation in intake across different ethnicities, and changes to food sources providing fat 
seen in this study. Excessive intakes of energy dense fat may also partly explain the high obesity 
rates in adolescents internationally (107), suggesting that nutrient poor food choices are prevalent 
in this population.  
Interestingly, when examining food sources of fat among adolescents who achieved dietary fat 
recommendations compared to those who did not, there was some variation. This highlights the 
complexities of food sources containing more than one type of fat and goes some way to provide 
context to the benefit of providing individual dietary advice using food sources. However, caution 
should be taken when interpreting these results as numbers of those meetings recommendations in 
this study are particularly small.  
6.4 Strengths and limitations 
When interpreting the results of this study, it is important to consider some important caveats. 
Firstly, regional restrictions may have introduced sampling bias, meaning the diversity or size of 
the demographic does not accurately represent the adolescent population in New Zealand, and 
therefore, results cannot be extrapolated to the whole population. In addition, it is possible that 
adolescents who signed up to participate in the present study are more interested in their health and 
diet than their non-participating peers, leading to potential for further bias. Secondly, the study 
lacked statistical power for comparisons of some sub-groups which had small sample sizes. This 
meant that confidence intervals were wide, and potential important differences were unable to be 
detected. Finally, it is difficult to make comparisons between, and draw definitive conclusions from 
surveys because of variability in food composition databases, age range variances, and different 
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diet collection methods. While 24-hour diet recalls have been shown to be more reliable than other 
assessment methods due to reasons mentioned previously (64, 66), there is still the likelihood of 
misreporting, particularly among minority groups, related to low income and literacy levels (108). 
Furthermore, it has been shown that under-reporting of foods high in fat is common (64), so results 
should be interpreted with caution.  
Nevertheless, this was the first study to evaluate fat intake in adolescent males and females using a 
nationally diverse sample since the ANS was conducted in 2008/09. It is questionable whether food 
eaten today is relevant to guidelines that were established a decade ago, so up to date information 
regarding fat intake and associated food sources is important if dietary guidelines and health 
promotion is to be effective. Being a multi-centre study, data collectors underwent rigorous training 
and strict protocols were followed to alleviate inaccuracies. There were also adequate numbers of 
participants who completed a second 24-hour recall (53% of males and 79% of females), allowing 
for adjustment for usual intake, and despite the limitations associated with nutrient intake collection 
methods, the results from this study were consistent with global literature indicating similar types 
of measurement error. 
Further analysis of fat intake and associated food sources in adolescents would complement this 
study and add to the existing information used to inform and communicate health messages. When 
considering a reduction of the amount of SFA in the diet, it is equally important to consider the 
nutrients which will fill this deficit (2). In recognition that people eat a variety of foods (109), 
perhaps New Zealand could look to intervene early and increase awareness among the adolescent 
population about the benefits of a healthy diet pattern that is low in saturated fat and includes 
abundant sources of unsaturated fat, fruits and vegetables, rather than focusing on reducing specific 
macronutrients to improve overall diet quality (109, 110).  
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6.5 Conclusion 
To conclude, this thesis provides insight into current fat intakes and associated food sources in New 
Zealand adolescents. While cardiometabolic disease risk is not solely determined by diet (109), this 
study indicates that adolescent males and females in New Zealand have a diet of suboptimal fat 
quality and exhibit a lack of adherence to current dietary fat guidelines. Recommendations to lower 
intakes of SFA in recent years (30, 111) have not appeared to have led to a significant decrease, and 
polyunsaturated fat intakes remain low indicating adolescents may be at risk of suboptimal intakes. 
Collectively, these results suggest a reduction in SFA intake alongside an increase in PUFA intake 
will likely translate into decreased risk of chronic disease and support New Zealand adolescents to 
meet recommended dietary guidelines. This study’s findings imply it would be prudent to conduct a 
larger nation-wide nutrition survey to confirm these results, coupled with a review of existing 
policies and strategies in an effort to improve dietary education and fat intake of adolescents.  
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7. Application of Research to Dietetic Practice 
Diet and nutrition have a preventative role in disease and being able to extrapolate scientific 
literature and translate it into dietary advice is an important skill for dietetic practice. This study 
provides insight into the fat intakes and dietary patterns of adolescents and highlights the 
importance of research with regard to population-specific nutrition-related disease and diet. Up to 
date research is critical, not only to inform policy makers, but to provide dietitians with the latest 
information with which to support and educate their patients. Findings from this study suggest that 
PUFA intakes may not be sufficient to meet the needs of New Zealand adolescents and that SFA 
intakes, which exceed current recommendations, are at levels likely to put adolescents at increased 
risk of chronic disease. Furthermore, primary food sources contributing fat have changed 
significantly in the past decade which may in part reflect the adoption of a western diet among New 
Zealand’s ethnically diverse populations, such as that seen in Europe (112). Continued dietary 
patterns of this kind are concerning when cardiometabolic risk factors are being seen in young 
people (5, 70, 113) and mortality rates from these conditions remain high (21). These results, and 
those from other studies, suggest that the primary food sources such as sausages/processed meat, 
bread-based dishes, biscuits, pies and cakes/muffins contributing to the diets of adolescents are 
energy dense and nutrient poor and are therefore unlikely meeting the nutrient needs of adolescents 
to support rapid growth and development.  
Providing dietitians with food and nutrient intake data that is current allows dietetic advice to be 
tailored to provide food-based recommendations which will likely improve the diets of those in this 
population. The adoption of a well-balanced diet pattern, such as the Mediterranean diet, could be 
considered as an initiative to reduce risk factors associated with cardiometabolic disease (110) as 
well as raise awareness of adolescents to the health benefits associated with a nutritious diet. 
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Current macronutrient recommendations are important as a population measure, however, they 
appear to have little effect on individual people in terms of improving health, which is where 
dietitians can be influential.  
Beyond the findings, this thesis has given me the opportunity to develop some key research skills 
and improve my scientific writing. Nutrition research is full of controversy and this study has 
helped me develop my ability to think critically about research findings and not just accept it at face 
value. Through investigating numerous research papers for this thesis, I have learnt how to 
maintain focus on the key issue and developed more of a questioning mindset to improve my 
understanding of the topic. Critical thinking is paramount to garnering a deeper understanding of 
research outcomes and having the ability to question findings will make me a better health 
professional. I believe this experience has given me the skills to interpret research well and provide 
future nutrition advice that is accurate and in keeping with the most recent findings. I am excited 
about the prospect of utilising this knowledge to help people navigate nutrition science and improve 
their health outcomes. 
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Appendix  D: Study consent and eligibility form 
 Prepared by Dr Meredith Peddie 
 
Appendix  E: Questionnaire questions relevant to this study 
 Prepared by Tessa Scott 
• Dietary habits questionnaire 
• Health and demographics questionnaire 
 
Appendix  F: 24-hour diet recall protocol 
 Prepared by Dr Meredith Peddie and Liz Fleming 
 
Appendix  G: Anthropometric measures protocol 
 Prepared by Dr Meredith Peddie 
 
Appendix  H: Tables illustrating food sources providing all fat types by gender and ethnicity 
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Appendix  A: School recruitment presentation 
Prepared by MDiet candidates   
   68 
Example of school recruitment presentation  
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Appendix  B: Ethical Approval Letters for 2019 and 2020 
 
Prepared by Dr Meredith Peddie and Dr Jillian Haszard. 
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Appendix  C: Māori Consultation Letters 
Prepared by Dr Meredith Peddie. 
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Appendix  D: Study consent and eligibility form 
Prepared by Dr Meredith Peddie 
Note: 
The study consent and eligibility form were used for the recruitment of adolescent males. A similar 
information sheet was provided to females but is not included in these appendices. 
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Appendix  E: Questionnaire questions relevant to this study 
Prepared by Tessa Scott. 
Note: 
The following questionnaires are those used in 2020. Similar versions were used for the 2019 
recruitment but are not included in these appendices. 
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Dietary Habits Questionnaire 
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Health and Demographics Questionnaire 
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Appendix  F: 24-hour diet recall protocol 
Prepared by Dr Meredith Peddie and Liz Fleming.  
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Appendix  G: Anthropometric measurements protocol 
Prepared by Dr Meredith Peddie.  
Note: 
This protocol was adapted from a previously published protocol1. 
  
1 New Zealand Ministry of Health. Protocol for Collecting Height, Weight and Waste Measurements in New Zealand Health Monitor (NZHM) 
Surveys. Wellington, New Zealand Ministry of Health; 2009. 
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Appendix  H: Tables illustrating food sources providing different fat types by gender 
and ethnicity. 
 
Prepared by the candidate.  
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Table 5. 4 Major food sources of total fat by ethnicity and gender 
NZEO  Māori 
Food source Male 
(%) 
Food Source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 12.26 Bread based dishes 6.10  Bread based dishes 19.31 Bread based dishes 7.80 
Potatoes, kumara, taro 6.76 Potatoes, kumara, taro 6.08  Pies and pastries 11.07 Poultry 7.10 
Milk 6.55 Grains and pasta 5.98  Vegetables 7.84 Potatoes 6.25 
Nuts and seeds 5.33 Nuts and seeds 5.89  Potatoes, kumara, taro 7.57 Fruit 5.98 
Savoury sauces 4.91 Poultry 5.77  Cheese 7.56 Cheese 4.60 
Cheese 4.83 Cheese 5.77  Grains and pasta 7.02 Snack foods 4.46 
Cakes and muffins 4.81 Biscuits 4.88  Poultry 6.16 Milk 4.29 
Grains and pasta 4.49 Cakes and muffins 4.79  Milk 5.35 Vegetables 4.22 
Sausages, processed meat 4.40 Bread 4.56  Sausages, processed meat 5.02 Grains and pasta 4.19 
Beef and veal 4.29 Savoury sauces 4.07  Pork 3.18 Nuts and seeds 4.16 
 
         
Pacific 
 Asian 
Food source Male 
(%) 
Food source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 26.25 Potatoes, kumara, taro 10.28  Grains and pasta 12.50 Bread based dishes 11.95 
Bread based dishes 17.80 Cakes and muffins 8.15  Poultry 9.99 Poultry 10.71 
Potatoes, kumara, taro 11.64 Dairy 7.99  Milk 7.92 Nuts and seeds 9.96 
Snack foods 7.59 Cheese 7.65  Nuts and seeds 5.12 Cakes and muffins 7.87 
Savoury sauces 7.30 Bread 6.82  Beef and veal 5.00 Potatoes, kumara, taro 5.58 
Fats and oils 7.12 Butter and margarine 6.73  Vegetables 4.66 Grains and pasta 5.33 
Grains and pasta 3.92 Fats and oils 5.66  Biscuits 4.65 Savoury sauces 4.79 
Fish and seafood 2.62 Lamb and mutton 5.64  Sausages, processed meat 4.25 Milk 4.36 
Sausages, processed meat 2.59 Poultry 4.73  Cheese 4.02 Fats and oils 4.30 
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Table 5. 5 Major food sources of saturated fat by ethnicity and gender 
NZEO  Māori 
Food source Male 
(%) 
Food Source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 11.57 Cheese 8.99  Bread based dishes 18.48 Bread based dishes 8.88 
Milk 9.73 Biscuits 6.59  Pies and pastries 15.20 Cakes and muffins 7.63 
Cheese 7.54 Bread based dishes 6.19  Cheese 10.79 Cheese 6.73 
Dairy products 5.93 Grains and pasta 5.70  Milk 8.00 Milk 6.58 
Potatoes, kumara, taro 5.90 Cakes and muffins 5.67  Grains and pasta 6.99 Poultry 6.10 
Bread based dishes 5.00 Milk 5.50  Poultry 6.10 Potatoes, kumara, taro 5.62 
Sausages, processed meat 4.90 Potatoes, kumara, taro 5.28  Vegetables 5.58 Biscuits 5.58 
Grains and pasta 4.75 Poultry 5.10  Sausages, processed meat 4.40 Sugar/sweets 4.93 
Beef and veal 4.43 Dairy products 4.55  Potatoes, kumara, taro 3.51 Dairy products 4.74 










         
Pacific  Asian 
Food source Male 
(%) 
Food source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 26.63 Cheese 12.51  Milk 12.43 Bread based dishes 12.00 
Bread based dishes 19.00 Dairy products 11.78  Grains and pasta 10.57 Milk 10.50 
Potatoes, kumara, taro 11.22 Butter and margarine 10.09  Poultry 7.73  Cakes and muffins 7.64 
Snack foods 5.39 Potatoes, kumara, taro 8.25  Cheese 6.70 Poultry 6.84 
Savoury sauces 4.95 Cakes and muffins 6.73  Biscuits 6.53 Cheese 6.53 
Fats and oils 4.90 Lamb and mutton 6.36  Beef and veal 5.59 Biscuits 6.20 
Sugar/sweets 4.85 Sugar/sweets 4.79  Pies and pastries 5.14 Dairy products 4.37 
Grains and pasta 4.76 Milk 4.65  Sausages, processed meat 4.80 Grains and pasta 3.63 
Milk 3.94 Biscuits 4.07  Vegetables 3.83 Potatoes, kumara, taro 3.43 
Sausages, processed meat 3.39 Poultry 3.70  Bread based dishes 3.17 Pies and pastries 3.37 
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Table 5. 6 Major food sources of polyunsaturated fat by ethnicity and gender 
NZEO  Māori 
Food source Male 
(%) 
Food Source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 12.94 Nuts and seeds 8.95  Bread based dishes 19.33 Cakes and muffins 8.22 
Nuts and seeds 9.15 Bread 8.38  Potatoes, kumara, taro 15.87 Potatoes, kumara, taro 7.34 
Potatoes, kumara, taro 8.35 Potatoes, kumara, taro 6.51  Vegetables 9.18 Poultry 7.20 
Bread 7.19 Grains and pasta 6.48  Fish and seafood 6.74 Bread based dishes 6.65 
Savoury sauces 6.52 Savoury sauces 6.27  Sausages, processed meat 5.44 Nuts and seeds 6.45 
Butter and margarine 4.51 Bread based dishes 6.15  Poultry 5.20 Snack foods 6.38 
Cakes and muffins 4.18 Vegetables 5.78  Pies and pastries 5.14 Vegetables 6.36 
Vegetables 4.07 Poultry 5.68  Bread 5.10 Fruit 5.45 
Grains and pasta 4.06 Snacks sweet 4.59  Butter and margarine 4.75 Grains and pasta 5.36 










         
Pacific  Asian 
Food source Male 
(%) 
Food source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 21.10 Bread 15.86  Grains and pasta 14.84 Bread based dishes 11.53 
Bread based dishes 16.08 Cakes and muffins 13.08  Poultry 11.59 Poultry 11.36 
Savoury sauces 12.14 Potatoes, kumara, taro 11.64  Nuts and seeds 7.15 Nuts and seeds 10.89 
Snack foods 11.81 Nuts and seeds 10.51  Vegetables 7.19 Cakes and muffins 9.80 
Potatoes, kumara, taro 11.66 Fats and oils 7.50  Bread 5.45 Grains and pasta 7.73 
Fats and oils 6.91 Vegetables 6.86  Fats and oils 4.47 Potatoes, kumara, taro 6.63 
Fish and seafood 6.60 Poultry 5.35  Pork 4.08 Fats and oils 6.06 
Grains and pasta 3.45 Savoury sauces 5.08  Breakfast cereals 3.99 Vegetables 5.81 
Bread 3.26 Snacks sweet 3.42  Biscuits 3.76 Biscuits 4.88 
Eggs and egg dishes 2.90 Fruit 3.34  Cakes and muffins 3.52 Savoury sauces 3.83 
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Table 5. 7 Major food sources of monounsaturated fat by ethnicity and gender 
NZEO  Māori 
Food source Male 
(%) 
Food Source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 14.22 Nuts and seeds 7.71  Bread based dishes 17.50 Poultry 8.85 
Potatoes, kumara, taro 7.80 Potatoes, kumara, taro 7.39  Pies and pasties 10.27 Fruit 8.60 
Nuts and seeds 6.81 Poultry 7.19  Vegetables 9.74 Potatoes, kumara, taro 7.18 
Savoury sauces 5.44 Bread based dishes 6.01  Potatoes, kumara, taro 8.19 Bread based dishes 7.01 
Sausages, processed meat 5.01 Grains and pasta 5.31  Poultry 7.33 Cakes and muffins 6.79 
Beef and veal 4.90 Savoury sauces 5.06  Grains and pasta 7.29 Nuts and seeds 5.35 
Brad based dishes 4.79 Cakes and muffins 4.29  Cheese 6.01 Pork 4.47 
Milk 4.68 Beef and veal 3.88  Sausages, processed meat 5.60 Snack foods 4.36 
Grains and pasta 3.97 Vegetables 3.85  Pork 4.39 Vegetables 4.18 










         
Pacific  Asian 
Food source Male 
(%) 
Food source Female 
(%) 
 Food source Male 
(%) 
Food source Female 
(%) 
Poultry 12.82 Potatoes, kumara, taro 13.01  Poultry 12.82 Poultry 14.63 
Bread based dishes 12.45 Bread 8.86  Grains and pasta 12.45 Bread based dishes 11.83 
Nuts and seeds 6.40 Fats and oils 7.61  Nuts and seeds 6.40 Nuts and seeds 10.50 
Milk 5.75 Cakes and muffins 6.72  Milk 5.75 Potatoes, kumara, taro 6.91 
Beef and veal 5.65 Poultry 6.03  Beef and veal 5.65 Cakes and muffins 6.64 
Sausages, processed meat 4.90 Lamb and mutton 5.91  Sausages, processed meat 4.90 Savoury sauces 6.41 
Vegetables 4.66 Dairy products 5.61  Vegetables 4.66 Grains and pasta 5.13 
Fats and oils 3.66 Butter and margarine 5.15  Fats and oils 3.66 Fats and oils 5.07 
Biscuits 3.59 Vegetables 4.84  Biscuits 3.59 Vegetables 4.65 
Pies and pastries 3.48 Cheese 4.82  Pies and pasties 3.48 Sausages, processed meat 3.40 
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